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PREFACE. 


aMONG  the  earliest  indicatioDS  of  a  miod  sus- 
ceptible of  attaioiog  general  knowledge,  appears  that 
which  consists  in  the  delight  afforded  by  meehaoical 
performances.  With  this  disposition,  opportunities 
of  acquiring  the  means  of  imitative  execution,  and  of 
perceiving  the  advantages  derivable  from  the  posses* 
aioD  of  8cienti6c  principles,  eminently  tend  to  establish 
that  activity  of  raind,  and  that  predilection  for  the 
acquisition  of  useful  knowledge,  which  beneficially 
influence  the  character  through  life,  and  present 
unfailing  sources  of  enjoyment  for  the  hour  of  soli* 
tnde  and  leisure. 

If  those  who  are  ingenious  and  skilful  m  the  per^ 
ception  of  scientific  truth,  were  practically  conversant 
with  the  manufacture  of  every  instrument  they  use» 
the  progression  of  the  sciences  would  be  materially 
siccelerated.  The  theorist,  however  excellent  and 
original  his  views^  inevitably  suflfers  many  of  his  plans 
to  perish,  when  meohanical  dexterity  is  lequisita  to 
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verify  them,  because  he  cannot  contend  with  the 
expense  or  the  difficulty  of  having  them  executed  by 
others,  or  has  no  adequate  knowledge  of  the  degree 
in  which  they  may  be  realized.  The  science  of 
chemistry,  in  the  course  of  a  few  years,  has  risen  to 
a  pre-eminent  station  of  utility  and  splendour;  and 
among  the  leading  causes  *of  its  advancement  it  is 
observable,  that  the  mechanics  who  have  performed 
the  operations  of  the  laboratory,  and  contrived  and 
executed  the  novel  part  of  the  apparatus,  were  the 
very  individuals  who,  as  men  of  science,  were 
actuated  by  expanded  views  and  the  zeal  of  research. 
Dr.  HerscheVs  observations  and  discoveries  are  the 
most  valuable  which  a  single  individual  has  ever 
made  in  the  departments  of  astronomy  requiring  the 
aid  of  instruments;  and  we  find  upon  investigation, 
that  the  telescopes  constructed  by  himself  excel  all 
others  t  even  his  telescope  of  forty-feet,  which  is  one 
'of  the  most  splendid  trophies  of  mechanical  skill 
Existing,  was  wholly  executed  under  his  own  direc- 
tion, by  common  artizans  or  labourers. 

In  adverting  to  these  ^considerations,  the  Editor 
roncluded  to  allot  the  first  portion  of  these  volumes, 
to  the  most  general  and  radically  important  opera* 
tidris  in  Working  wood  and  metal.  Architecture  and 
Building  follow,  after  which,  to  the  page  which  ter« 
ittinates  the  essay  on  gardening,  the  sciences  and  their 
Correlative  arts,  are  taken  up  according  to  the  order 
of  successiod  in  which  they  tnay  be  conveniently 
studied.  By  this  arrangement.  Drawing  and  its' 
dependents  are  statioDed  near  Ihe  conclusion  of  the 
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work,  whidh  is  closed  by  a  selection. of  miscellanies, 
comprising  subjects  adapted  ra^ther  for 'reference  than 
regular  perusal. 

Historical  sketches  of  the  rise  and  progress  of  the 
sciences  have  been  introduced,  when  they  appeared 
calculated  to  interest  the  general  reader,  to  inculcate 
useful  truths,  or  to  facilitate  the  apprehension  of  sub- 
sequent facts  and  principles. 

On  subjects  ivithin  the  scope  of  this  publication, 
^ere  minuteness  of  investigation  could  not  be 
entered  upon,  atf  attempt  has  been  made  to  delineate 
the  most  important  features:  of  those  >vhich  had 
yet  received  no  popular  illustration,  the  Editor  has 
been  especially  solicitous  to  seek  new  information; 
and  in  aid  of  this  object  he  has  been  favoured  by  a 
friend  with  the  communication  of  an  entire  essay. 
He  alludes  to  the  treatise  on  Architecture,  which  is 
the  production  of  Thomas  Ricrman,  of  Liverpool, 
whose  system  of  English  architecture  he  cannot  doubt 
will  be  acceptable  to  those  who  are  interested  in  the 
the  subject,  or  who  have  pleasure  in  contemplating 
ihe  monuments  of  vernacular  skill. 

The  Editor  has  occteionally  availed  himself  of 
ihe  language  of  the  ablest  writers,  where  it  appeared 
most  conducive  to  his  purpose.  Of  entire  extracts, 
he  has  had  the  pleasure  of  specifying' the  source:  of 
those  which  have  been  assimilated  to  his  views  by 
alterations,  or  taken  in  a  detached  and  limited  man- 
ner;  where  the  information  was  of  general  notoriety, 
or  its  origin  uncertain,  acknowledgment  became 
superfluous  or  impracticable. 
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CoBTiBced  that  bo  permaaeBt  advantages  accrue 
from  attempta  to  deprecate  censure^  or  to  angle 
for  praise,  the  £ditor  waves  al|  digrest»ioii  from 
the  geaeral  eKpositioa  of  his  plao;  but  aware  that 
a  work  like  the  preaeut— *a  first  publication,  compiled 
ip  the  scanty  iatervals  of.  leisure  aflbr4ed  by  th^ 
avocations  of  business,  cannot  be  free  from  iiii|)errec« 
tions,  -he  terminates  these  prefatory  remarks  with 
assuming  the  liberty  to  observe,  that  the  commuoica* 
tioB  of  hiuts  for  emeudatioos  will  receive  his  tbaoks. 
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MECHANICAL  EXERCISES. 

t 

Of  Iran. 

\JF  all  metallic  substances,  iron  is  the  most  abundantly  difiused^ 
and  the  roost  intrinsically  ratuable.  It  maj  be  detected  in 
plants,  and  in  animal  fluids;*  it  is  the  chief  cause  of  colour 
m  earths  and  stones;  sands,  clays,  the  waters  of  rivers,  spring^r^ 
mn,  and  snow,  are  seldom  perfectly  free  from  it,  and  in  several 
parts  of  the  world,  whole  mountains  are  composed  of  iron  ore. 
If  the  use  of  this  metal  were  lost  to  mankind,  the  arts  and  sciences 
would  dwindle  into  insignificance,  and  civilization  itself  become 
rapidly  retrogressive.  An  inquiry,  therefore,  into  the  properties 
and  means  which  render  it  subservient  to  such  important  purposes^ 
will  not,  it  is  presumed,  prove  uninteresting  to  the  general  reader; 
while  the  prudent  artlzan,  whose  first  care  is  generally  to  pn>* 
vide  himself  with  tools  adapted  to  his  labours,  will  attentively 
review  every  hint  which  may  improve  his  knowledge  of  that 
material,  the  proper  choice  and  management  of  which  constitute 
the  first  step  towards  success  in  mechanical  pursuits. 

Iron  b  employed  in  three  states,  viz.  that  of  cosl  iron,  vorxHighi 
Iron,  and  HeeL  Cast  iron  is  the  metal  in  its  first  state,  rendered 
fnsible  by  its  combination  with  those  two  substances  which 
chemists  distinguish  by  the  names  of  carbon  and  oxygen.  In 
the  great  iron  works,  the  ore,  broken  into  small  pieces,  and  mixed 
with  a  portion  of  limestone  to  promote  its  fusion,  is  thrown  into 
the  furnaces,  which  are  from  sixteen  to  thirty  feet  high.    Baskets 


*  Metallic  gnm»  of  trott  hkire  been  foand  in  ttrtwherriei;  nnd  one-twelfth 
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of  charcoal  or  coke,  in  due  proportion^  are  thrown  in  along  with 
it.  A  part  of  the  bottom  of  tlie  iuma6tf  Is  filled  with  fuel  only. 
This  being  kindled,  the.  mhb\e  is  raised  by  the  blast  of  the 
g^rcBi  bellows,  to  a  most  intense  heat.  The  metal,  as  it  is  reduced, 
sinks  down  through  the  fuel,  and  collects  at  the  bottom  of  th« 
furnace.  More  ore  and  fuel  are  supplied  above,  and  the  oper- 
ation goes  on  till  the  melted  metal,  increasing  in  quantity,  rises 
almobt  to  the  aperture  of  the  blast;  a  passage  is  then  made  for  it 
at  the  side  of  the  furnace,  and  it  is  run  into  what  are  called  pigs  of 
cast  iron.  A  furnace  will  furnish  daily  from  two  to  five  tons  of 
iron,  according  to  the  richness  of  the  oie,  and  the  skill  with 
which  the  operation  is  conducted.  Ores  of  iron  combined  with 
magnesia,  are  very  refractory,  and,  as  well  as  those  which  con- 
tain sulphur  and  arsenic,  require  to  be  roasted  before  they  are 
cast  into  the  smelting  furnace. 

Pig  iron  is  of  very  diffinent  qualities,  that  which  is  called 
No.  f,  and  the  fracture  of  which 'is  of  a  dark  colour,  runs,  so 
fluid  as  to  be  admirably  suited  for  grates,  and  ornamental  work; 
Cast  iron  cutlery  is  manufactured  from  it,  as  no  other  would  run 
fine  enough  for  the  purposes  if}  which  it  is  applied,  such  as  forks 
and  smalTscissars,  nsh  nooks  and  needles.  These  articles  obtain 
by  annealing  a  considerable  degree  of  malleability,  and  are  even 
rendered  capable  of  being  welded.  When  great  strength  is 
required,  as  for  large  wheels,  beams,  pillars,  or  railways,  the 
iron  which  contains  a  smaller  proportion  of  carbon  is  preferable, 
as  that  called  No.  S.  The  proportion  of  carbon  in  cast  iron 
varies  in  the  difierent  sorts,  from  one^fifleenth  to  one-twenty-fiftb» 
Cost  iron  also  frequently  contains  a  portion  of  the  phosphuret 
of  iron,  in  which  case  it  breaks  of  a  white  colour,  and  must,  from 
its  excessive  hardness,  be  rejected  for  purposes  which  require  it 
lo  be  filed,  or  turned,  or  cut  with  the  cnissel.  It  may  be  ob« 
.served,  that  the  whiter  tbe  metal  is,  the  harder  it  is  also ;  whe* 
ther  these  properties  are  owing  to  its  quality,  or  the  mode  of  its 
jnanagcmeut.  Cast  iron  expands  in  passing  from  the  fluid  to 
the  solid  state;  it  consequently  assames  the  exact  figure  of  the 
mould  into  which  it  is  poured,  a  circumstance  which  adds  great* 
ly  to  its  value  for  casting. 

Crude  or  cast  iron  is  converted  into  wrought  iron,  by  keeping 
it  in  a  state  of  fusion  for  a  considerable  time,  and  repeatedly 
stirring  it  ill  the  furnace;  tbe  oxygen  and  carbon  which  it  ooolains 
unite,  and  fly  ofi*  in  the  state  of  carbonic  acid  gas,  and  as  this 
lakes  phoe  the  iron  becomes  more  infiiaible;  it  gets  thick  or  stiff 
in  the  furnace ;  and  the  workmen  know,  by  this  appearance,  that 
it  k|  Ume  to.  submit  it  to  tbe  rapeated  action  of  the  hammer,  ov 
tht  ngoSBX  pnMae  of  kqp  JmL  lolkai  bjr  which  the  putt 
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Qmlities  of  wrought  iron. — ManiifiM(tiire  of  blistered  steel. 

which  still  partake  ct  the  nature  of  crude  iron  so  much  as  to 
retain  the  fluid  state,  are  forced  out,  and  the  metal  is  rendered 
malleable,  ductile,  more  closely  compacted,  of  a  fibrous  texture, 
and  totally  infusiUe.  In  this  state  it  is  known  in  commerce  by 
jthe  name  of  bar  iron.  The  loss  of  weight  sustained  by  iron,  in 
the  prpcess  of  refining,  is  considerable,  genemliy  amounting  to 
one-fourth,  and  sometimes  io  one-half. 

Foised,  like  cast  iron,  varies  greatly  in  quality.  Thus 
some  of  it  is  tough  and  malleable  both  when  it  is  hot  and 
tvhen  it  is  cold.  This  is  the  iron  in  common  use,  and  it 
.is  the  best  and  most  useful.  It  may  be  known  genemliy  by 
the  equable  surface  of  the  forgetl  bar,  which  is  free  from  trans- 
vense  fissures,  or  cracks  in  the  edges ;  and  by  a  clear,  white, 
jmall  grained,  or  rather  fibrous  texture.  The  best  and  toughest 
iron  is  that  which  has  the  most  fibrons  texture,  and  is  of  a 
dear  grayish  colour.  This  fibrous  appearance  is  given  by  the 
icsistanoe  which  its  particles  make  to  separation.  The  texture 
jo(  the  next  best  iron,  which  is  also  malleable  in  all  temperatures^ 
consists  of  clear,  whitish,  small  grains,  intermixed  with  fibres* 
Another  kind  is  tough  when  it  is  heated,  but  brittle  when  cold. 
This  is  called  cold-short  iron,  and  is  distinguished  by  a  texture 
consisting  of  large  shining  plates,  without  any  fibres.  It  is  less 
liable  to  rust  than  any  other  description  of  forged  iron.  A  fourth 
kind  of  iron,  called  rrd-^hort,  or  hot-short,  is  extremely  brittle 
.when  hd,  and  malleable  when  cold.  On  the  surface  and  edgesof 
the  bars  of  this  kind  of  iron,  transverse  cracks  or  fissures  may 
be  seen,  and  its  internal  colour  is  dull  and  dark. 

The  quality  of  iron  may  be  much  improved  by  violent  com- 

CasioQ,  as  by  forging  and  rolling,  especially  when  it  is  not 
g  exposed  to  violent  heat,  which  injures  and  at  length  destroys 
its  metallic  properties.  But  though  iron  is  renderra  malleable 
by  hammering,  this  operation  may  be  continued  so  long,  as  to 
dicprive  it  of  its  malleability. 

Steel  is  made  of  the  purest  nuilleable  iron,  by  a  process  called 
cementation.  In  this  operation,  layers  of  bars  of  malleable  iron, 
and  layers  of  charcoal,  are  placed  one  upon  another,  in  a  proper 
furnace,  the  air  is  excluded,  the  fire  raised  to  a  consiiierable 
degree  of  intensity,  and  kept  up  for  eight  or  ten  days.  If  upon 
the  trial  of  a  bar,  the  whole  substance  is  convertetl  into  steel,  the; 
£re  is  extinguished,  ^nd  the  whole  is  left  to  cool  for  six  or  eight 
days  longer.  Iron  thus  prepared  is  i*alled  blistered  steeU  from 
4be  blistera  which  appear  on  its  surface.  In  England,  charcoal 
alone  is  used  for  this  purpose,  but  Duharoel  found  an  advantage 
io  uMog  from  one-fourth  to  one4hird  of  wood  ashes,  especialTjr- 
whcD  the  iron  was  not  of  so  good  a  quality  as  to  aifoid 
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po8M»ing  tenacity  of  bodj  as  well  as  hardness.  These  ashea 
preveot  the  steel-making  process  from  being  eflfected  so  rapidlj 
as  it  would  otherwise  be,  and  ^ye  the  steel  pliabilitj  without 
diminishing  its  hardness.  The  blisters  on  the  surface  of  the  steely 
under  this  management,  are  smaller  and  more  numerous.  He  also 
found  that  if  the  fattrs,  when  they  are  put  into  the  furnace,  be 
sprinkled  with  sea  salt,  thu  ingredient  contributes  to  give  body 
to  the  steel.  If  the  cementation  be  continued  too  long,  the  steel 
becomes  porous,  brittle,  of  a  darker  fracture,  more  fusible,  and 
incapable  of  being  welded.  On  the  contrary^  steel  cemented 
with  earthy  infusible  powders,  is  gradually  reduced  to  the  state 
of  for|;ed  iron  again.  Excessive  or  repeated  heating  in  the 
forge  IS  attended  with  the  same  effect. 

The  properties  of  iron  are  remarkably  changed  by  ceroenta* 
(ion,  and  it  acquires  a  small  addition  to  its  weight,  which  con* 
lists  of  the  carbon  it  has  absorbed  from  the  charcoal,  and  amounts 
to  about  the  hundred  and  fiftieth  or  two  hundredth  part.  It  is 
miich  more  brittle  and  fusible  than  before;  though  it  may  be 
welded  like  bar  iron,  if  it  has  not  been  fused,  or  over  cemented ; 
but  by  far  the  most  important  alteration  in  its  properties,  is, 
that  it  can  be  hardened  or  softened  at  pleasure.  If  it  be  made 
red  hot,  and  instantly  cooled,  it  attains  a  degree  of  hardnesS| 
which  is  sufficient  to  cut  almost  every  other  substance;  but  if 
heated  and  coded  gradually,  it  becomes  neariy  as  soft  as  pure 
iron,  and  may  with  much  the  same  fiu^ility  be  manufhctured  into 
any  determinate  form.  A  rod  of  good  steel,  in  its  hardest  state, 
possesses  so  little  tenacity  that  it  may  be  bnken  almost  as  easily 
as  a  rod  of  glass  of  the  same  dimensions.  This  brittleness  can 
only  be  diminished  by  diminishing  its  hardness,  and  in  the  pro* 
per  management  of  this  point,  for  diflerent  purposes,  consists  the 
art  of  tempering.  The  colours  which  successively  appear  on  Uie 
surftce  of  steel  slowly  heated,  are,  yellowish  wiiite,  yellow  or  straw 
cdour,  gold  colour,  brown,  purple,  violet,  and  deep  blue.  These 
signs  direct  the  artist  in  reducing  the  hardness  of  steel  to  any  parti* 
aubir  standard.  If  steel  be  too  hard,  it  will  not  be  proper  for 
toob  which  are  intended  to  have  a  fine  edge,  because  it  wiU  be  so 
brittle  that  the  edge  will  soon  become  notched ;  if,  on  the  con« 
Irary,  it  be  too  soft,  it  is  evident  that  the  edm  will  turn  or  bend. 
Some  artists  inclose  the  tools  to  be  hanlened,  in  an  irtm  case  or 
box,  and  slowly  heat  them  to  ignition ;  they  then  take  the  case 
out  of  the  fire,  and  drop  the  pieces  into  water,  in  such  a  man- 
ner as  will  allow  them  to  come  as  little  as  possible  into  contact 
with  the  air.  This  method  answen  too  good  purposes ;  it  caoaes 
the  heat  to  be  more  equa%  applied,  and  preventi  the  scaling 
occasioned  by  the  contact  of  the  air.    When  the  work  has  been 
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polnhecl,  and  ireli  defended  from  the  air,  it  is,  when  Itardeiiedy 
nearly  as  clean  as  before.  If  the  tool  be  nnpoUshed ,  they  brighten 
its  surface  upon  a  stone;  it  is  then  laid  upion  burning  cbarcoaly 
or  upon  the  surface  of  melted  lead,  or  upon  an  ignited  Ixur  or 
plate  of  iran,  till  it  acquires  the  desired  colour;  at  which  instant 
they  plunge  it  into  cold  water.  The  yellowish  white  indicates  a 
temper  so  little  reduced  as  to  be  used  for  few  edge  tools ;  the  yellow 
or  sirew  colour,  the  gold  colour,  and  the  brown,  are  used  for  pen^ 
knives,  nusors,  and  gravers;  the  purple  for  toob  used  in  work<» 
ing  upon  metals,  especially  iron ;  the  violet  for  springs,  and  for 
instruments  used  in  cutting  soft  sub^noes,  such  as  cork,  leather, 
and  the  like ;  but  if  the  last  blue  be  waited  for,  the  hardness  of 
the  steel  will  scarcely  exceed  that  of  iron.  When  soil  steel 
is  heated  to  any  one  of  these  colours,  and  then  plunged  into 
water,  it  does  not  acquire  nearlv  so  great  a  degree  of  hardness^ 
as  if  previously  made  quite  hard,  and  then  reduced  by  temper* 
ing.  The  degree  of  ignition  required  to  harden  steel  is  different 
in  the  different  kinds.  The  best  kinds  require  only  a  low  red  heat. 
It  has  been  ingeniously  supposed,  that  the  hardness  of  steel  de- 
pends on  the  intimate  comoination  of  its  carbon ;  and,  on  this 
supposition,  it  follows,  that  the  heat  which  eflfects  this  is  the  best, 
•iid  that  a  higher  degree  will  be  injurious. 

The  texture  of  steel  is  rendered  more  uniform  by  fusion. 
This  is  called  cast  steel,  which  is  wrought  with  more  difficulty 
tiian  common  steel,  because  it  is  more  fusible,  and  is  dispened 
under  the  liammer,  if  heated  to  a  white  beat.  The  cast  steel  of 
England  is  made  from  the  fragments  of  the  crude  steel  of  the 
manufiictories  and  steel  works.  A  crucible,  about  ten  inches 
high,  and  seven  inches  in  diameter,  is  filled  with  these  fmg* 
roents,  and  placed  in  a  wind  furnace,  like  that  of  the  founders, 
but  smaller,  because  intended  to  contain  one  pot  only.  It  is 
likewise  furnished  with  a  cover  and  chimney,  to  increase  the 
draught  of  air.  The  furnace  is  entirely  filled  with  coke,  and 
five  nours  are  required  for  the  perfect  fusion  of  the  steel.  It  is 
then  cast  into  ingots,  and  afterwards  foiged  in  the  same  manner 
as  other  steel,  but  with  less  heat  and  more  precaution,  as  it  is 
more  liable  to  break.  Cast  steel  is  about  thirty  per  cent,  dearer 
than  other  good  steel.  -  Its  uniformity  of  texture  is  for  many  works 
an  invaluable  advantage.  It  is  daily  more  and  more  used  in  this 
country,  but  must  necessarily  be  excluded  finom  many  works  of 
considerable  size,  on  account  of  the  difficultj^  of  welding  it,  and 
the  facility  with  which  it  is  degraded  in  the  fire.  Cast  steel  takes 
a  fine  firm  edge,  and  receiving  an  exquisite  polish,  of  which  no 
other  sort  of  sted  is,  in  sd  high  a  degree,  susceptible,  it  is  made 

of  for  aH  the  finest  cutlery;  but  though  it  may  be  cast  intii 
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ing&Uj  if  18  too  impeHectly  floitl  to  be  cast  into  small  wares, 
:Tbe  tenacity  of  steel  hamroerod  at  a  law  heat,  or  even  when  cold, 
J8  coBftiderably  increased ;  but  the  efiect  of  this  hammering  is 
taken  off  by  strong  ignition.  Took,  therefore,  made  of  cast 
steel,  and  intended  to  sustain  a  good  edge,  for  cutting  iron  and 
other  metals,  are  not  .afterwards  soften^,  hut  the  ignition  is 
carefully  regulated  at  first,  as  the  roost  useful  hardness  is  pro- 
duced by  that  degree  ot  heat  which  b  just  sufficient  to  eflect  the 
purpose.  Cast  steel,  annealed  to  a  straw  colour,  is  sofiened 
nearly  as  much  as  other  kinds  to  a  purple  or  blue. 

A  convenient  mode  of  tempering  a  great  number  of  articles 
at  once,  and  of  heating  them  uniformly,  however  irregubr  their 
shape,  is  to  put  them  into  a  proper  vessel  with  as  much  oil  or 
laUow  as  will  cover  them,  and  then  to  place  them  over  the  fire, 
or  the  flame  of  a  lamp,  until  a  sufficient  heat  is  given.  Qock 
and  watch  pinions,  watch  verges,  &c.  are  tempeira  in  this  man« 
ner,  sometimes  man^  dozens  at  once,  as  expeditiouslv  as  a  sii^^ 
article.  The  requisite  temper  may  be  known  by  the  following 
circumstances e  when  the  tallow  is  first  observed  to  smoke,  it 
indicates  the  same  temper  as  that  called  a  straw  colour.  This 
will  reduce  the  hardness  but  little;  but  if  the  heat  be  continued 
till  the  smoke  becomes  more  abundant,  and  of  a  darker  colour, 
it  will  be  equal  to  a  brown,  and  indicates  a  temper  that  may  be 
wrought,  that  is,  turned  or  filed,  though  with  difficulty,  and 
only  wh«n  a  mild  sort  of  steel  is  employed.  If  the  tallow  be 
keated  so  as  to  yield  a  black  smoke,  and  still  more  abundant, 
this  will  denote  a  purple  temper;  and  if  tlie  steel  be  good,  it 
will  now  work  more  pleasantly,  though  still  hard  enough  to  wear 
well  in  machinery.  The  next  degree  of  heat  may  be  known  by 
the  tallow  taking  fire,  if  a  light^  body  be  presented  to  it,  but 
yet  not  so  hot  as  to  continue  to  bum  wlien  the  light  is  withdrawn; 
and  this  will  denote  a  blue.  If  the  whole  of  the  tallow  be  allow* 
od  to  bum  away,  or  bum  dry,  as  it  is  termed  by  the  workmen, 
it  imparts  the  temper  which  clockmakcrs  mosUy  use  for  their 
work.  Furtlier,  taltow  is  useless;  a  small  degree  of  heat  more 
would  just  be  seen  in  a  dark  place,  or  the  lowest  degree  of  red 
heat.  Any  single  article,  to  spare  the  trouble  of  brightening  its 
snrface,  nuiy  be  smeared  with  oil  or  tallow,  and  its  temper,  when 
heated,  ascertained  in  a  simibur  manner.  Small  articles,  such 
ns  poidulum  and  other  springs,  need  not  be  dropped  into  water, 
but  only  made  to  pass  through  the  air,  by  tossing  them  out. 
and  letting  them  fall  to  the  ground,  which  will  make  them  ban! 
enough  for  most  purposes.  Small  drills  may  be  hardened  by 
holding  Ibeir  points  tn  the  flame  of  a  candle,  and,  when  suffi* 
hot)  swldenly  plucking  them  out ;  the  air  will  hardei^ 
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Effecu  of  saline  liquids  and  mercury,  in  hardening  tleel. — Clioice  of  steel. 

them ;  or  tbey  may  be  laid  upon  a  plate  of  cold  iron  or  lead, 
and  another  plate  upon  thein.  They  may  be  tenoipcred,  it'  found 
too  bard,  by  taking  a  little  of  the  tallow  upon  their  i)oint,  then 
passing  them  through  the  flame  at  about  half  an  incli  above  the 
point,  and  holding  them  there  till  the  tallow  begins  to  smoke. 

i$olid  taltow  is  an  excellent  material  for  hardening  drills,  and 
other  articles,  which  require  considerable  hardness,  but  must  not 
be  made  brittle;  tallow  difie^  from  oil,  in  the  absorption  of  heat 
lor  its  fusion.  Oil  is  found^to  harden  the  surface  of  sted  much 
more  thau  its  internal  part,  so  that  it  resists  the  file,  but  is  much 
Icbs  easily  broken  by  the  hammer.  This  eflect  is  owing  to  its 
imperfectly  conducting  qnality,  and  the  eievaled  temperature  it 
demands  to  be  converted  into  the  vajwrous  state;  a  covering  of 
coal  is  also  formed  round  the  steel  by  the  burned  oil,  which 
greatly  retards  the  transmission  of  the  heat.  Any  other  fluid 
which  covers  the  steel  in  like  manner,  for  inf$tance  water  liolding 
soap  in  soiotion,  produces  a  similar  eflcct.  Hence  the  vehicle  in 
which  ignited  steel  is  pluuged,  is  of  great  consequence.  The 
Mldei*  it  is,  the  more  eflcctually  it  hardens  the  metal.  Various 
artists  avail  themselves  of  ditferent  &ul»tances  for  this  purpose; 
Some  use  urine,  others  water  charged  with  common  salt,  nitre^ 
or  sal  ammoniac.  Saline  liquids  produce  rather  more  hardness 
than  common  water,  and  aquafortis,  in  particular,  possesses  this 
property  in  an  emioait  degree.  Files  are  covered  with  the  grounds 
of  oeer  and  common  salt,  and  dipped  while  wet  in  a  powder 
made  of  burned  or  parched  horn,  leatlter,  or  otlier  coally  animal 
matter.  By  this  means  they  are  not  only  defemled  from  scaling, 
by  the  fused  salt  and  animal  coal,  which  covers  them  on  all  sides^ 
but  even  rendered  rather  more  steelly  on  the  surface,  by  the 
absorptmn  of  carbon.  They  are  taken  out  as  soon  as  they 
have  acquired  the  low  red  heat  called  cherry  red,  and  instantly 
plunsed  iato  pure  cold  water. 

When  steel  is  required  to  possess  the  greatest  possible  degree 
of  bardaess,  it  may  be  quenched  ia  mercury,  which  will  render 
it  so  bard  as  to  cut  glass  like  the  diamond ; '  but  this  fluid,  it  is 
obvious,  can  oilly  be  used  on  a  small  scale. 

Wrought  iron  may  be  hardened,  in  a  small  degree,  by 
jgnition  ami  plunging  in  water,  but  the  eflect  is  confimd  to  the 
vttdaoe;  except,  as  very  often  happens,  the  iron  contain  veins 
of  ttoei.  These  are  no  small  impediments  to  the  filing  and  work* 
flaif  of  this  material. 

The  Mntral  method  of  chusing  steel  for  edge  tools,  is  to 
break  a  oar,  observe  its  fracture,  and  select  tlie  dosest  graijied. 
Bni  tbb  node  is  not  alwavs  certain,  as  a  variation  in  the  fmcture 
sriil  be  occasioned  by  the  di&reoce  of  its  tempsry  and  the 
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gveater  or  less  heal  at  which  it  has  been  bamniefcd ;  and  somci 
steel  breaks  of  a  verj  close  grain,  though  of  indifferent  quality. 
The  surest  method  is  to  hare  one  end  of  the  bar  drawn  out  under 
a  low  heat,  such  as  an  obscure  red,  and  th^fi^  to  plunge  it  sud* 
denljr,  at  this  heat,  into  pure  cold  water.  It  it  prore  hard| 
for  instance,  if  it  will  easily  cut  glass,  and  requires  a  great 
force  to  break  it,  whatever  its  fracture  may  be,  it  is  good,  the 
cxcellenoe  of  sted  being  always  proportionate  to  the  degree  of  its 
tenacity  in  its  hard  state.  In  general,  a  neat  curved  line  fracture, 
and  even  grey  texture,  denotes  good  steel,  and  the  appearance  oi 
threads,  cracks,  or  brilliant  specks,  is  a  proof  of  the  contrary. 

If  diluted  nitrous  acid  (aqua  foitis)  be  applied  to  the  surrace 
of  steel  previously  brightened,  it  immediately  produces  a  black 
mot ;  but  if  applied  to  iron  in  like  manner,  the  metal  remains  clean* 
By  this  (est  it  will  be  easy  to  select  such  pieces  of  iron  or  steel  as 
possess  the  greatest  degree  of  uniformity ;  as  the  smallest  vein  of 
either  upon  the  surfitoe,  will  be  distinguished  by  its  peculiar 
sign. 

The  hardness  and  polish  of  steel  may  be  united,  in  a  oertaia 
degree,  with  the  firmness  and  cheapness  of  malleable  iron,  by 
what  is  called  cofe-Anrdbtmg,  an  opendion  much  practised^  and  ot 
considerable  use.  It  is  a  superficial  conversion  of  iron  into  steel, 
and  oniydifiers  from  cementation  in  being  carried  on  for  a  shorter 
lime.  Some  artists  pretend  to  great  secrets  in  the  practice 
of  this  art,  usine  saltpetre,  sal  ammoniac,  and  other  fiinciful 
ingiedients,  to  which  tney  attribute  their  success.  But  it  is  now 
an  established  fiict,  that  the  greatest  efiect  may  be  produced  bv 
a  periectly  tight  box,  and  animal  carbon  alone.  The  goods 
intended  to  be  case-hardened,  being  previously  finished  wiUi  th^ 
exception  of  polishing,  are  strati&a  with  animal  carbon,  and 
the  box  containing  them  luted  with  equal  parts  of  sand  and  clav» 
They  are  then  phced  m  the  fire,  and  kept  at  a  light  red  heat  for 
luilf  an  hour,  when  the  contents  of  the  box  are  emptied  into 
water.  Ddicate  articles  may  be  preserved,  like  files,  by  a  satoral* 
ed  Bolntion  of  oommoo  salt,  with  any  vegetable  mucilage  to 
give  it  a  pulpy  consistence.  The  carbon  here  spoken  o(^  is 
nothing  more  than  any  animal  matter,  such  as  horns,  taoo6, 
skins,  or  leather,  just  sufficiently  burnt  io  admit  of  being  re» 
dnoed  to  powder.  The  box  is  commonly  made  of  iron,  but  the 
use  of  it,  for  occasional  caae-haidening  upon  a  small  scale,  may 
be  easily  dispensed  with ;  as  it  will  answer  the  same  end  to  enve* 
lope  tM  articles  with  the  composition  above  directed  to  be  used 
as  a  lole,  diyinjr  it  gradually,  oefore  it  is  exposed  to  a  red  heat, 
otherwise  it  wiu  probably  crack.  It  is  easy  to  infer,  that  the 
depth  of  the  gtsd  ladaoad  by  caschhaidcuingi  will  yaiy  with  the 
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fime  the  «f]eratien  is  continiied.  In  half  an  hour  it  will  scakreljr 
be  the  thioknen  of  a  sixpence,  and  therefore  mvjH  U  lensoved  by 
yident  abrasiony  thougli  sufficient  to  answer  weH  for  firte  irons^ 
and  a  rauUilnde  of  otii^  utensils^  in  the  oomtnon  mutge  of  which 
its  hardness  pieyents  ils  being  easRj  scratched,  and  its  polish  h 
presenred  by  friction  with  so  soft  a  material  as  leather. 

Tht  bbdng  of  steel  has  a  remarkable  influence  on  its  elas- 
ticity. This  operation  consists  in  exposing  steel,  the  sarjace  of 
which  has  faisen  brightened,  to  the  regulated  heat  of  a  plate  of 
fMal,  or  of  a  fire  or  lamp,  till  the  surface  has  aoqaiited  a  Uiie 
coloar.  If  this  Uae  coal,  so  commonly  considered  rather  as 
omajtiental  than  usefiil,  be  partially  or  wholly  removed  by 
grinding,  or  in  any  other  manner,  the  ehsticity  is  propoitioti- 
attly  impaired,  and  the  original  excellenee  of  this  property  can 
only  be  restored  by  bluing  the  steel  •  again.  Saw«niakers  first 
Jmrden  their  plates  in  the  usual  way,  in  which  state  tfa<;y  are 
iirittle  and  warped;  they  then  sofien  them  by  biasing,  whidi 
Qonsisls  in  smearing  the  plate  with  oil  or  grease,  and  heating  it 
till  thick  yapoun  are  emitted,  and  burn  off  witfi  a  blaise.  They 
Aen  hanuBer  them  flat,  and  afterwards  blue  them  on  a  hot  iron, 

^hich  venders  them  stiff  and  elastic,  without  altering  their  flat- 

« 
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h  may  be  useful  to  apprize  the  inexperienced^  that  the  hard- 
ening of  steel  increases  its  dimensions;  so  that  such  pieces  of 
work  as  are  finished  with  nicety  in  their  soft  state,  will  not  fit 
their  places  when  hardened.  The  amount  of  this  expansion 
Oanoot  be  aiccnrately  stated^  as  it  varies  in  different  sorts  of  steel, 
Itoid  even  in  the  same  steely  operated  upon  at  diSerent  degrees  of 
beat.  RintBan  found  that  bars  of  steel  six  inches  long,  six  lines 
^vU9^  and  half  an  inch-thick,  were  lengthened  at  least  one  line, 
after  hardening  at  a  wliitish  red  heat.  Which  is  about  one*seveii« 
tiethpart  of  the  linear  dimensions;  but,  according  to  the  expe- 
riments made  by  others,  the  expansion  is  not  so  considerable. 

It  is  also  a  cnrious  fhet,  that  intense  cold  ha^  an  unfavourable 
cAct  upon  steel ;  so  that,  in  severe  frosts,  workmen  oflen  find 
Sheir  tonts  incapable  of  receiving  the  temper  they  wish. 

A  slender  rod  of  wrought  iron  nay  be  expedtttously  cort- 
Tcrted  iMo  steel,  by  plunging  it  into  cast  iron  in  fusion ; — a  sa- 
iiMactory  proof  that  cast  iron  contains  the  steel-making  principle, 
^hidi,  we  need  not  nrpeat,  is  carbon.  In  foct,  as  it  is  princi- 
^nll|r  in  the  superabundance  of  its  carbon  that  it  difiinrs  from 
steely  many  attempts  (and  not  wholly  without  success)  have  bren 
■Hide  iB  convert  it  into  the  latter,  without  the  intermediate  opera- 
tion of  ftedering  it  malleable.  But  the  best  steel  made  pursuant 
it  this  ideat  is  very  inperfiict.  It  is,  however^  not  unimportaat 
I.  Vol.  I.  C 
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to  obso've,  that  all  cast  iron  to  far  resembles  sted,  as  to  be  hard- 
ened, in  a  high  degree,  by  sudden  cooling,  which  imparts  to 
it,  at  the  same  time,  whiteness  of  colour,  brittleness,  ana  close- 
nest  of  texture.  This  property  of  crude  iron  may  be  adran* 
ta^eously  employed  on  many  occasions;  for  instance,  in  the 
fabrication  of  axles  and  collars  for  wheels,  which  are  easily 
turned  or  filed  in  their  soft  state,  and  may  afterwards  be  harden- 
ed, so  as  to  wear  admirably  well. 

The  heat  applied  to  cast  iron,  prevbusly  to  its  being  plunged 
into  water  to  narden,  is  greater  than  that  to  which  steel  is  sul> 
jected  for  the  same  pur|)06e ;  it  should  be  little  short  of  a  white 
heat.  Cast  iron,  also,  when  once  hardenoil,  admits  not,  like 
steel,  of  that  hardness  being  reduced,  by  various  gradations,  to 
any  spc^cific  degree;  to  soften  it  roatenally,  it  roust  be  submitted, 
for  some  time,  to  complete  ignition,  and  very  gradually  cooled. 

The  smaller  ramifications  of  cast  iron  work,  and  those  por- 
tions of  rotUnI  which  have  the  furthest  to  run  from  the  js:it,  are 
often  found  (>o  extremely  hard,  that  the  best  file  will  makeao 
impression  upon  tliem,  while  the  remainder  of  the  casting  b 
suih(  iendy  sotr  and  manageable.  This  eflect  is  owing  to  the 
heat  carried  nfi^  by  evaporation  from  the  moistened  sand  of  the 
monM,  by  which  the  portions  of  metal,  under  the  circumstances 
•  allu-ietl  to,  are  suddenly  cooled.  To  increase  the  number  of 
giiH,  and  to  use  the  sand  as  dry  as  possible,  are  the  obvious 
means  of  preventing  this  defect;  but  when  it  has  taken  plaoft| 
annealing  is  the  only  remedy. 

The  chemical  properties  of  iron,  and  the  best  methods  of  pr^ 
serving  it  from  rust,  to  which  it  is  so  liable,  we  shall  speak  of 
herrafter.  The  mechanical  management  of  it,  which  constitntoa 
our  present  subject,  now  requires  us  to  proceed  with  the  openb* 
tionsof 

Forging  and  WeUSng. 

In  forsing,  the  fire  must  be  regulated  by  the  siaeof  the  work, 

and  in  heating  tiie  iron,  the  workmen,  when  the  flame  b^ns  to 

break  out,  brat  the  coals,  round  the  outside  of  the  fire,  close 

-together  with  the  slice,  to  prevent  the  heat  from  escaping.     To 

pave  fueU  they  damp  their  coals,  and  throw  water  on  the  fire,  if 

it  extend  beyond  its  proper  limits.     To  ascertain  the  state  of  the 

-work,  they  draw  it  partly  out  of  the  fire,  and  thrust  it  auickly 

in  again,  if  not  hot  enough.     The  heat  the  iron  receives  in  fot^ 

ing,  is  judged  of  by  the  eye,  and  is  not  commonly  distingubhed 

into  more  than  these  three  degrees,  viz.  the  Uood  or  cbmy  red 

lieat,  the  white  flame  heat,  and  the  sparkling  or  welding  heal. 

^bt  cherry  ltd  heat  is  used  when  it  is  only  totended  im  smoolk 
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Wliite  flame  lwat.-^Wcldiiig  beat— Use  of  sand  in  for|;ifig. — Upsetting. 

Ae  suiAoe  of  the  iron,  or  stiftn  it  in  a  small  degree,  operations 
which  are  perfornied  by  striking  evenly  with  the  hand  hammer; 
with  li^ht  blows,  when  smoothness  of  surface  only  is  wanted^ 
and  using  considerable  force,  when  it  is  desirable,  atthesama 
time,  rather  to  harden  the  work.  When  stifihess  alone  is  re- 
quired, the  iron  b  usually  hammered  cold,  by  which  means  it 
may  be  rendered  considerably  elastic.  Beil^springs  are  rarely 
made  of  any  thing  else  than  sheet  iron  thus  managed. 

In  changing  the  form  of  iron,  the  white  flame  heat  is  used, 
and,  according  to  the  size  of  the  work,  it  is  battered  by  one, 
two,  or  more  men  with  sledge  bammertj,  the  kirgest  size  of  which, 
called  About  Sledges,  are  slung  entirely  round,  with  both  hands 
nearly  at  the  extremity.  When  the  iron  is  nearly  reduced  to 
the  proposed  form  and  size,  it  is  finished  wilh  the  hand  hammer, 
the  dexterous  use  of  which  will  save  much  trouble  in  filing. 

When  the  iron  is  required-  to  be  doubled,  or  two  or  more 
pieces  consolidated,  the  sparkling  or  welding  heat  is  used,  by 
which  the  metal  is  brought  nearly  to  a  state  of  fusion,  and  ap- 
pears to  be  covered  with  a  strong  glaze  or  varnish.  This  varnish 
IS  still  more  abundant  in  steel.  As  soon  as  the  two  pieces  of  iron 
to  be  united,  have  attained  the  welding  heat,  they  are  taken  out 
ei  the  fire  with  the  utmost  despatch,  the  scales  or  dirt,  which 
would  hinder  their  incorporation,  scraped  off,  placed  in  contact 
at  the  heated  part,  and  hammered  until  no  seam  or  fissure  re* 
mains.  If  they  have  not  been  sufficiently  incorporated,  the 
heating  and  hammering  ought  to  be  repeated,  until  the  work  b 
perfectly  sound.  Workmen  differ  very  considerably  in  the  cure 
tbey  bestow  in  this  respect;  and  when  axle(ra*s  and  other  paits 
of  machinery  give*  way,  a  defi?ctive  forging  is  generally  very 
apparent.  To  make  the  iron  come  sooner  to  a  welding  heat, 
stir  the  fire  with  the  hearth  staff,  and  throw  out  the  clinkers,  as 
wrell  as  the  cinders  upon  which  the  iron  may  have  run,  as  tbey 
will  prevent  the  coals  from  burning.  The  fire  for  welding  should 
be  free  fipom  sulphur ;  and  the  rixls  may,  in  part,  he  prevented 
£rom  wasting,  by  taking  care  to  supply  them,  at  tlie  heated  part, 
with  powdered  glass,  or  sand ;  or  a  mixture  of  sand  ana  the 
scafes  which  fiy  from  ignited  iron  in  hammering.  Care  must 
also  be  taken  to  prevent  the  iron  from  running,  which  will  make 
it  so  britde  as  to  prevent  its  forging,  and  so  hard  as  to  resist  the 
file.  If  this  accident  occur,  the  whole  of  the  iron  supposed  to 
be  injured  by  the  extreme  heat  to  which  it  has  been  exposed, 
mttst  be  cut  off  and  rejected* 

When  it  is  required  to  thicken  any  part  of  a  bar  of  iron  with* 
oat  wddiog,  the  opeTatbn  called  upsetting  must  be  resorted  to. 
•lUooMsiito  IB  giviqg  it  tlia  white  name  heat  at  the  part  to  V$ 
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McceaaiCy  of  Ueoduis  steei  and  iMD«-~ U«mmcm  tteel. 


(kickeiiedt  And,  wkile  one  end  rests  upon  the  aniril,  hamnmrimg 
ft  Uie  Qihcr  ttU  the  required  siae  is  produced. 

la  ibrgiog  sled,  great  care  must  be  taken  not  to  use  a  higher 
diqpKe  of  heat  than  is  absolutely  necessary  to  eftct  the  desired 
purpoae,  as  well  as  to  iKe  tlie  fewest  heats  possible*  To  unite 
steel  to  iron  completely,  without  injuring  the  n>rmer,  b  on  open^ 
tion  thai,  demands  a  nicety  of  management  which  workmea  are 
not  often  very  anxious  to  display.  Those,  therefore^  whosa 
purposes,  require  it  to  be  well  performed,  will  only  employ  men 
qn  whom  they  can  depend.  It  is  not  always  merely  for  economy, 
that  steel  b  itelded  to  iron,  but  often  principally  with- the  view 
of  uniting  the  opposite  qualities  of  the  metal  in  eacb  state.  U 
the  mandrel  of  a  bthe  were  made  of  the  best  steel,  sufficiently  hard 
(o  wear  well  in  the  collar,  it  would  be  snapped  by  a  suddeit 
check:  and  an  axe,  wholly  of  steel,  if  soft,  would  be  usekn;  and 
if  hard,  would  probably  neithet  bear  the  shock  of  a  vidc»t  blow, 
■or  the  twbting  to  which  such  tools  are  subjected.  But  by  unit* 
ii^  a  proper  quantity  of  iron  with  the  steel,  the  inconvenience, 
and  even  danger,  resulting  from  such  accidents,  are  avoided. 
Id  applying  them  to  each  other,  regard  must  be  paid  to  the 
manner  in  which  the  toot  will  be  used.  For  an  axe,  the  ed^^ 
oi  which  b  formed  by  grinding  both  sides,  the  steel  b  placed  in 
the  middle,  between  two  plates  of  iron;  the  blade  of  a  plane, 
which  b  ground  only  on  one  side,  requires  the  iron  also  to  be 
only  on  one  side,  namely,  the  back  of  it ;  and  for  that  part  of  a 
mandrel  which  works  in  the  collar  of  a  lathe,  the  steel  mottt 
encircle  the  iron. 

]j)amascus  was  anciently  filmed  for  the  excellence  of  the  steel 
goods  manufactured  there,  cspiecially  its  swords,  which  are  said 
to  possess  all  the  advantages  of  flexibility,  ebisticity,  and  haid«i 
BCss.  These  united  distinctions  are  supposed  to  have  been  e& 
leded  by  blending  alternate  potiiovs  of  iion  and  steel ;  the  htter^ 
by  repeatedly  drawing  out,  doubling,  and  welding  the  work, 
being  difiused  throughout  the  former,  almost  as  completely  as 
a  dipp  of  ink  is  diffused^  by  intermixture,  with  a  ghss  of  water. 
But  the  best  attempt  which  we  are  at  present  aware  of  having 
been  made  in  England,  to  imitate  Damascus  sted^  according 
io  the  pkm  here  pointed  out,  did  not  perfectly  socoeedy  tte 
mass  produced  having  aacked  in  tempering.  It  appeam  pro* 
baUe,  that  the  desired  imitation  may  be  dSscted  with  much 
mater  advantage  by  the  use  of  steel  akuMS,  the  iron  from  which 
It  b  made  being  judiciously  selected,  and  afterwards  very  can^ 
fully  cemented  and  foiged«  It  b  Swedbh  iron  that  is  mostly 
oooveilcd  into  steel;  but  that  kind  alkd  old  sable  (which,  we 
keliive^  oqwmfMom Russia,)  pnssrssMj  in  poinloC  tenaciigr>  no* 


MECHANICAL  EXERCISES.  13 

Walhy%  forge  lumuBen— lV«i<ling  cant  »teeL 

cording  to  the  experiments  of  an  ingenious  philosopher,  a 
irery  decided  superiority  owr  every  otiier  liiiid'*  U  wonlf!, 
doubtless,  therefore,  be  suitable  for  the  purpose;  the  properties  of 
steel  being  iMfiuenGc^d,  as  will  easily  be  snpposed,  by  the  proper- 
lies  of  the  inxi  fsoiD  which  it  is  manufactiired:  and,  in  confifw 
Matkm  of  ivhat  has  beea  said  of  the  advantages  of  good  forging, 
%e  oMiy  here  take  notice  of  the  forge  bamnMn-,*  invented  by 
George  WaU»jr,  of  London,  for  -which  invention,  tlie  Society 
for  the  £ncouragenient  of  Arts,  Sec.  rewarded  hiiiv  with  their 
silver  medal  and  forty  guineas^  Although  it  weighs,  seventy 
ponnds,  it  may  be  wrought  by  one  man,  with  tiie  greatest  accu« 
lacv  and  ease,  at  the  mte  of  three  humlred  blows  per  minute, 
and  performs  the  work  of  two  or  three  men.  The  inventor 
states  to  the  Society,  that  the  steel  is  kept  in  better  temper  by 
this  hammer,  and  fewer  heats  are  required  for  the  same  work, 
than  ia  the  conanon  way;  that  the  trowels  iliacle  with  it  by  htm, 
wiU  bear  any  pressure  of  bending,  and  return  by  their  elastic 
city  to  their  original  shape,  and  they  will  even  cut  a  chip  from 
a  bar  of  iron,  without  burling  their  edge;  they  also  are  lighter 
and  more  handy  tiiaii  common  trowek,  and  serve  much  longer 
in  use. 

The  steel  which  contains  the  smallest  proportion  of  carbon, 
as,  for  example^  shear  steel,  is  the  most  easity  ^veUled;  but  it  is 
by  fusion,  wnich  entirely  destroys  its  fibrous  texture,  that  it  ii 
vendcred  incapable  of  being  welded  to  itself,  and  some  maintain 
that  geniiine  cast  steel  has  never  been  united  even  to  iron  by 
welding.  Yet  others  have  stated,  that  the  means  by  which  this 
Biay  be  accomplished,  consist  in  placing  between  the  iron  and 
the  sicel  another  kind  of  steel,  in  the  form  of  flings,  or  a  thin 
plate,  the  iron  being  bvought  to  a  welding  heat,  andUhecast 
iteel  made  as  hot  as  can  be  done  with  safety.  Sucli^  however, 
ave  the  difBcnhies  of  the  operation,  and  so  frequently  imperfect 
the  work  when  finished^  that  otiier  means  of  effecting  the  union 
bave  been  resorted  to.  One  of  them,  for  which  a  patent  has 
been,  granted,  has  been  brought  into  common  use,  ibr  the  blades 
ef  joiners'  planes,  and  many  other  purposes ;  it  consists  in  unit- 
ing the  steel  tothe  iran  with  softsolder  or  tin%  In.  this  process, 
the  cast  sleel,  not  being  exposed  to  much  heat,  loses  none  of  it!9 
pood  piiopertie8>  battbeiinion  is  not  so  substantial  as  that  i^rdetl 
hf  welding* 


*  For  tbe  deicriptiop  of  this  hammer,  illustrated  by  ao  engraving,  see  th<^ 
I^VaiMSctioin  of  the  Society  for  the  Eocotiragement  of  Art«,  Manafkctnres  and 
or  the  McfutQtj  ef  Arts,  toL  n  Mcond  aerie^  ISOS. 
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Thft  foflfe  bellows^—TlM  aovU.— The  vice. 


Of  the  Tools  med  in  forging  Ironj  and  in  the  worldng  of  Meials 

generalfy. 

Minutely  to  describe  the  various  tools  made  use  of  in  forging^ 
iron^  and  in  the  working  of  metals  generally,  would  be  mora 
likely  to  tire  than  to  please  our  readers,  to  whose  information  on 
such  points^  a  volume  of  the  most  elaborate  descriptiou,  would 
not  add  so  much,  as  a  few  moments*  inspection  of  workshops 
which  may  be  seen  in  every  village  of  the  kingdom.  We 
ahallf  theiefore,  on  tlib,  as  on  other  occasions  of  the  kind, 
confine  our  remarks  to  particulars  which  are,  for  the  most  part, 
either  not  generally  practised,  or  not  often  communicated  by 
workmen,  or  not  the  most  likely  to  catch  the  eye  of  .  the 
looker-on. 

The  best  position  for  the  bellows  is  on  a  level  with  the  fire- 
place, but  they  arc  frequently  placed  higher,  and  the  blast  com- 
ntunicated  through  a  bent  tube,  tor  the  purpose  of  gaining  mom 
near  the  fioor.  The  small  end  of  the  pipe  of  the  bellows  passes 
through  the  back  of  the  forge,  where  it  is  fixed  in  a  strong  iron 
plate,  called  a  tue  iron,  or  patent  back,  in  order  to  preserve  the 
bellows  firom  injury,  and  the  back  of  the  forge  from  requiring 
frequent  repair. 

The  oiitoU  is  a  substantial  mass  of  iron,  to  the  snrface  of 
which  a  plate  of  steel  is  firmly  welded,  and  made  sufficiently 
hard  to  withstand  the  file,  or  the  blow  of  a  hammer.  It  is  usu<* 
ally  made,  for  forging  iron  upon,  with  one  or  two  projecting 
arms,  and  is  then  called  a  beak  iron.  These  arms  are  useful  in 
giving  the  requisite  form  to  various  sorts  of  work:  when  there  is 
only  one,  it  is  preferred  of  a  conical  shape;  when  there  are  two, 
one  of  them  is  pyramidical.  They  are  affixed  lengthways,  m 
little  below  the  surface  of  the  body  of  the  anvil,  and  rather  in- 
clining upwards  towards  the  point.  In  Birmingham,  where 
attic  rooms  are  frequently  converted  into  workshops,  the  block 
upon  which  the  anvil  is  fixed,  is  placed  upon  a  stratum  of  sand, 
which  prevents  the  vibrations  that  would  otherwise  be  commii* 
nicated  to  the  floor,  and  much  of  the  noise  which  would  incom- 
mode the  inhabitants  of  the  room  below.  The  contrivance  is 
simple,  and  susceptible  of  other  applications.  Clock-makera 
Qse  very  small  anvils  or  beak  irons,  which  they  fix  in  the  vioa 
when  in  use.  The  anvils  of  tin-plate  workers  are  of  various 
sizes,  and  are  often  made  with  concavites  and  projections  upon 
them,  by  the  help  of  which  they  can  readily  communicatt 
dificrcnt  shapes  to  their  work. 

The  lar^e  vice  must  be  firmly  fixed  to  the  side  of  the  work- 
bench, to  tM  edge  of  which  its  ckips  ronsl  be  paimUol,  Iksiv 
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Hand  vice. — HAinmert. 

appcr  surface  being  at  the  same  time  exactly  horizontal.  Tb« 
best  elevation  for  a  vice,  is  that  of  the  workman's  elbow,  whea 
the  upper  arm  is  held  vertically  a^inst  the  side ;  and  the  lower 
arm,  tor  the  sake  of  trying  the  height,  is  held  at  right  angles 
Ibereto.  In  filing,  if  the  vice  or  the  work  be  above  this  position^ 
which  is  seldom  heeded,  or  even  thought  of,  the  stroke  will  not 
beso  powerful  as  the  same  exertion  would  otherwise  make  it ;  and, 
whether  higher  or  lower,  it  will  be  found  exceedingly  difficult  to 
carry  the  file  in  a  horizontal  direction.  As  the  teeth  on  the  inner 
surface  of  the  chaps  would  mar  fine  work,  if  pressed  against  it 
sufficiently  hard  to  keep  it  steady,  they  are,  as  often  as  the  oc- 
casion requires,  covered  with  plates  of  lead,  about  the  eighth  of 
an  inch  thick.  These  plates  must  be  large  enough  to  extend 
about  half  an  inch  on  each  side  beyond,  and  au  inch  above  the 
chaps,  to  each  of  which,  when  screwed  tight,  one  of  them  is 
securrtl  by  hammering  down  the  projecting  parts. 

Tlie  hand  tice  is  used  to  hold  small  articles  in  the  act  of 
filing;  it  is  held  in  the  left  hand,  and  the  parts  of  the  iron, 
while  pressed  upon  the  end  of  the  bench,  or  upon  a  bit  of 
wood  or  bone  in  the  large  vice,  is  successively  turned  to  the 
file,  which  is  held  in  the  right  hand.  A  nick  is  made  in  the 
wood  or  bone,  to  keep  the  work  from  being  carried  aside  by  the 
file. 

HamfPfTS^  like  anvils,  are  fiiced  with  steel,  in  a  state  of 
considerable  hardness.  Their  handles  are  almost  always  made 
of  nearly  a  uniform  thickness  in  every  part,  or  if  they  differ  from 
auch  figure,  it  is  not  for  any  specific  purpose.  Hence  the  vibnt* 
tiok%  c^  the  hammer  head  are  communicated  to  the  hand,  to 
which  they  occasion  very  unpleasant  sensations,  and  the  workman 
is  tired  before  he  has  much  exerted  his  strength.  If  the  handle 
of  the  hammer,  at  a  little  distance  from  its  upper  end,  be  made 
considerably  smaller,  for  a  short  space,  than  in  any  other  part,  the 
alteration  will  be  found  a  decisive  improvement.  Such  a  ham* 
mer  will,  as  it  is  technically  termed,  fall  well;  diminishing,  at 
the  same  time,  the  workman's  faligue,  and  convincing  him  that 
Ills  blows  are  solid  and  efiectual.  Fig.  I .  pi.  III.  will  clearly 
designate  this  construction ;  it  represents  a  hammer  for  chipping 
iron;  for  which  purpose,  the  head  need  not  be  more  than  sixteen 
ounces  in  weight,  and  the  handle  about  twelve  inches  long*  In 
n  hammer  of  any  given  sha{)e,  calculated  to  give  the  hardest 
Uows  with  the  least  weight,  and,  consequently,  with  theleaat 
fiiligue,  the  quantity  of  iron  in  the  head  should  be  equal  on  the 
opposite  sides  of  a  line  supposed  to  be  drawn  perpendicular  to 
we  centre  of  the  face.  Hammers,  therefore,  made  for  the  pur- 
of  drawing  nails,  with  claws,  which  lean  backwards  Umm 
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Kivettiii;;. — Cattiag  metmto  with  ibear» — cbwels — mw9. 

(hit  line,  arc  not  calculated  to  produce  the  besteffi^ct  in  sirikiog^ 
Clockmakera,  tin-plate  workers,  and  braziers^  polish  the  face  of 
their  planishing  lianimers,  by  nibbing  them  upon  a  soil  boards 
covered  with  a  mixture  of  oil  and  finely  washed  emery.  Watch- 
makpfs  and  silverBraitlm  take  still  moic  pains  with  theirs,  selects 
log  them  free  from  every  flaw,  removing  every  scratch,  and 
giving  them  an  oKquisite  lustre  with  colcothar  or  putty.  Thest 
various  artists,  also,  for  their  respective  purposes,  require  th^m 
to  be  made  of  a  numberless  variety  of  shapes,  convex^  concave^ 
cylindrical,  ftc. 

In  riveiling  two  pieces  of  roetnl  together,  if  the  head  of  the 
rivet  is  not  intended  to  project,  the  ho4e  must  be  wklened  a  little 
kt  the  top  and  bottom.  One  of  the  heads  of  a  rivet  should  be 
made  before  it  is  put  into  its  place,  in  which  it  is  secured^  bj 
striking  the  edge  of  the  other  end  of  the  shank  (previously  filed 
flat)  with  light  blows,  till  it  is  evenly  spread  all  round,  whan 
heavier  Mows  may  be  used,  till  it  is  sufficiently  firm.  When 
the  head  of  a  rivet  or  screw  is  on  a  le^cl  with  the  surface  of  the 
ipork,  it  is  said  to  be  countersunk. 

In  cnttir^  sheet  iron  or  brass,  and  even  bars  of  the  same 
metals,  skerm  are  used.  They  are  frequently  made  three  or  four 
feet  long;  one  handle  is  screwed  fast  in  the  vice,  or  secured  t^ 
the  bench,  and  the  uppermost  only  is  moveable.  The  hardft 
the  work  thry  have  tu  do,  the  more  obtuse  the  angle  by  which 
the  edge  is  ibrmed.  A  chisel  is  often  used  instead  of  a  pair  of 
shears,  and  though  it  docs  not  cut  with  so  much  rapidity,  it  isi 
on  many  occasions,  more  convenient,  as  it  can  be  made  of  di^ 
ferent  figures,  ffuided  in  various  direc^oiis,  and  stopped  at  any 
given  point.  Plates  of  metal  to  be  cut  with  a  chisel,  are  lakl% 
during  the  operation,  upon  a  mass  of  lead,  or  upon  an  anvil| 
if  the  latter  be  used,  they  are  not  cut  quite  through,  to  prevent 
injuring  the  chisel,  yet  they  are  so  nearly  divided  that  the  separ 
ration  can  be  effected  by  striking  them  with  the  hamoKT  while 
held  on  the  edge  of  the  anvil,  or  by  wriggling  them  with,  the 
haml  or  in  the  vice. 

Sa&s  for  cutting  metnis,  are  made  very  narrow,  (see  1^.  SL 
pi.  Ill:)  and  stretched  by  a  screw  at  one  end ;  they  are,  in  gb^ 
neral,  rather  thicker  on  the  edge  than  at  the  back;  the  teeth  ar^ 
smalU  ami  are  not  bent  like  those  for  joiners*  use.  Clock  and 
watch  makers  often  make  their  saws  of  broken  watch-springs,  Um 
temper  of  which  is  suitable  for  the  purpose,  and  the  metal  oom^ 
monly  excellent.  In  sawing  malleable  iron  and  steel,  oil  mwt 
be  uaed;  rradtf  iron  and  brass  require  no  oil,  but  for  the  latter, 
a  very  sharp  saw  is  nea'ssary,  and  it  may  also  be  sather  harder 
than  for  iron. 
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llie  duppioip  chiMl.— The  punch. 


Metals  fire  sometinies  wrought  by  chipptpg.  This  operation 
fiot  only  often  prodaces  the  intended  eflect  in  an  expttlitious 
manner,  but  saves  much  expense  in  the  files  which  would  others 
wise  be  required*  It  is  most  freqaenlly  applied  to  cast  iron,  the 
dark  rind  or  outside  of  which,  taken  as  it  comes  from  the  mould, 
fs  always  harder  than  the  rest,  and  frequently  so  very  hard,  that 
It  would  spoil  the  best  file  in  a  few  minutes,  while,  at  no  greater 
•<lepth  than  the  twentieth  part  of  an  inch,  or  even  less,  it  is 
nearly  as  soil  as  brass*  The  chisel  will  penetrate  this  hard  crust, 
and  afterwards,  as  may  be  easily  understood,  its  ed^  need 
oni^  be  made  to  act  u{K>n  the  soft  part.  The  chisel,  for  this  de* 
•cription  of  work,  need  not  be  more  than  seven  inches  lonj?,  but 
it  ongbt  to  be  made  of  the  best  cast,  steel.  Fig.  3.  pi.  III.  re- 
presents such  a  chisel — No.  1  shoMring  the  front,  and  No.  2  the 
side  of  it,  ix^  point  out  the  nature  of  its  edge.  The  hammer  to 
be  used  with  it  has  been  filready  mentioned.  It  is  held  in  an 
angle  of  about  forty-five  degrees,  and  the  blows  of  the  hammer 
are  given  in  quick  succession.  Some  dexterity,  certainly,  h  h ich 
can  only  be  acquired  by  practice,  is  requisite,  to  preserve  a 
tolerably  equable  surface,  but  the  art  is  not  of  difficult  acquire* 
ment.  A  pellicle  of  iron  may,  by  the  chisel,  be  take  from  a 
iurfiice  of  a  hundred  square  inches,  in  four  or  five  hours,  and 
when  it  has  been  well  done,  the  file  very  speedily  levels  the 
inequalities  which  it  leaves.  When  much  exactness  is  required, 
it  it  advisable  to  examine  the  work,  before  the  chipping  is  com- 
menced, and  if  improper  protuberances  or  hollows  appear  in  it, 
the  chisel  must  be  struck  deeper,  or  not  so  deep,  at  such  places, 
as  the  circumstance  dictates. 

Malleable  iron,  in  a  state  of  ignition,  is  easily  perforated 
with  a  steel  pvnr  A,  which  is  made  of  the  size  and  shape  of 
the  hole  required,  except  that  it  must  always  be  tapered  more 
or  less  towards  the  lower  end,  to  facilitate  drawing  it  outw 
it  is  seldom  pointed  at  the  extremity,  which  is  hardened 
without  tempering,  as  the  heat  of  the  iron  will  soften  it  suHi* 
ciently,  and  sometimes  too  much ;  to  check  the  latter  efiect, 
it  is  plunged  into  water,  as  often  as  it  is  supposed  to  be  con- 
siderably heated.  The  hole  may  be  finished  with,  a  file,  or 
hy  hammering  it  at  a  low  beat  upon  a  smooth  mandrel  or  pin, 
or  by  a  well  tempered  triangular,  square,  or  octagonal  bar, 
fixed  to  a  handle,  and  wrought  the  same  way  as  a  carpenter's 
'auger.  The  motion  must  be  slow.  The  triangular  aad 
square  form  answer  well  for  brass,  and  the  softer  metals; 
but  the  o<itagonal  one  is  much  more  suitable  for  iron ;  as  the 
other  would  take  hold  so  deeply  as  to  break  with  the  force 
iaqwite.  to  tuni  them  round.  A  aharp-pointed  punch  will 
1.  Vox..!.  D 
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Old  netbod  of  boriag  ryttadeif^— New  method. 

Smetrate  a  piece  of  cold  iron«  not  exceeding  the  tenth  of  an 
ch  in  thickness,  sufficiently  deep  to  cause  a  projection  on  the 
under  side;  when  this  projection  is  filed  off,  if  the  hole  doca 
not  appear,  a  repetition  of  the  punching  will  immediately 
produce  it;  and  it  may  be  widened  by  the  octagonal  tool 
above-mentioned.  Brass  may  be  managed  in  the  same  way, 
with  still  more  facility :  the  plate  of  metal  to  be  pierced, 
ahould  be  laid  upon  lead,  or  the  under  surface,  opposite  tho 
point  of  the  punch,  should  be  placed  over  a  hole  m  an  anvil. 
As  punching  is  not  applicable  to  cast  iron,  nor  to  small  and 
deep,  or  very  large  holes  in  any  metal,  and  is,  besides,  apt  to 
throw  the  piece  out  of  shape,  mechanics  have  recourse,  accord* 
ing  to  the  nature  of  the  work  they  have  in  hand,  to  the  diffisient 
methods  of 

Baring  and  Drillmg. 

The  steam  engines  of  tbe  present  day  are  not  more  iaddbt* 
ed  for  their  excellence  to  modem  improvements  in  their  coih 
struction,  tlian  to  the  new  methods  which  have  been  adopted 
to  render  them  faultless  in  point  of  workmanship.  In  the 
latter  respect,  the  boring  of  the  cylinder  presents  one  of  the 
most  remarkable  features  of  difference  from  the  old  plans. 
The  way  usually  was^  at  some  of  the  first  founderies,  to  p«t 
it  upon  a  carriage,  insert  the  cutter  block,  set  the  mill  to 
work,  hang  a  cloth  at  the  open  end  to  keep  in  the  dust,  md 
let  it  bore  away,  which  it  would  be  doinff,  on  a  large  cylin* 
der,  for  three  weeks  or  a  month;  and  if  it  was  tolerably 
smooth,  it  was  said  to  be  well  done.  As  the  cylinder  is  caal 
hollow,  though  the  moulder  pursues  the  most  correct  method 
his  art  is  capable  of,  yet  it  is  impossible  to  be  certain  that^ 
when  the  mould  has  received  the  metal  from  the  fiimace,  it 
shall  come  out  quite  straight;  and  if  it^comeout  crooked,  it 
must  remain  so,  tor  this  despicable  mode  of  boring  will  never 
remedy  that  imperfection.  It  is  not  like  boring  a  solid  piece 
of  metal,  as  in  boring  ordnance,  ftc.  All  that  this  oM  bor« 
ing  can  do  to  a  cylinder,  b  to  nmke  it  round  and  smooth,  for 
there  is  nothing  to  conduct  the  boring  bit  in  its  progress,  but 
the  form  given  it  by  the  moulder,  whose  best  exertions  cannot 
ensure  success :  it  complies,  therefore,  with  Uie  twistings  of  ita 
road,  and  the  cylinder  is  inaccurate.  If  the  metal  be*  harder 
on  one  side  than  another,  it  produces  an  additiomd  source  of 
imperfection. 

The  new  method  of  borinfl*  originated  with  John  Wilkin* 
son,  iron  master,  and  the  cjrlinden  were  executed  in  a  man* 
Mff  which  has  not  sinoe  arimitlied  of  improvement.    Wkes 
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N«w  metbiMl  «f  boring  cylinden. 

the  pfooess  is  conducted  by  an  intelUeent  workman,  if  the 
cylinder  should  be  cast  ever  so  crooked,  or  ever  so  thick  on 
one  side  more  than  another,  he  can  take  out  the  redundancy 
from  that  side,  and  scarcely  touch  the  other.  This  will  rea« 
dily  be  admitted,  when  it  is  understood,  that  the  cutting  ap- 
paratus is  conducted  alonr  a  tool  (called  by  the  workmen  a 
boring  bar)  which  is  itself  a  masterpiece  of  workmanship, 
a  perfect  cylinder.  Hence,  whatever  is  carried  along  this  bar^ 
parallel  to  its  axis«  must  move  in  a  right  line.  When,  there^ 
rore,.  it  has  been  turned  with  the  utmost  care  and  precision^ 
it  is  to  hare  two  grooves  cut  opposite  each  other  in  Uiis  direc* 
tion«  A  cast  iron  socket  is  then  bored  and  ground  upon  the 
bar,  so  as  to  fit  it  in  the  most  exact  manner.  The  extemdl 
part  of  this  socket  is  made  conical,  with  four  or  six  studs 
upon  the  base  of  it,  to  receive  the  cutter  block;  and  fillets 
fittlened  upon  the  inside  of  it,  and  falling  into  the  grooves, 
while  they  allow  it  to  slide  along  the  bar,  prevent  its  beings 
carried  round,  unless  the  bar  be  carried  round  at  the  same 
time.  To  give  a  progressive  motion  to  the  socket  and  cutter 
block,  while  the  oar  is  turning  on  its  own  axis,  a  collar  of 
iMtal  is  fitted  on  the  socket,  and  that  collar  is  connected  with 
two  racks,  lon^  enough  to  reach  through  the  cylinder,  and 
communicate  with  a  pair  of  pinions,  which  being  acted  upon 
by  two  levers,  carrying  a  sufficient  weight  to  overcome  all 
lesistanoe  in  the  operation,  the  socket  is  drawn  along  the 
boring  bar,  and  the  cutten  fastened  in- it  eflectually  perform 
their  work.  The  manner  in  which  the  lever  is  applied,  will 
.be  understood  by  an  inspection  of  fig.  4.  pi.  Hi.  by  which 
it  is  obvious,  that  if  the  weight  at  its  upper  end  be  sufficient  to 
overcome  the  resistance,  it  will  move  the  pinion  till  it  reaches 
the  earth;  at  this  moment,  .or  a  little  before,  the  workman 
'Who  attends  the  machinery,  taking  it  out  of  the  hole  on  th^ 
axis  of  the  pinion,  into  which  it  was  hooked,  inserts  it  in 
another  higher  up,  and  this  he  continues  to  do,  at  the  proper 
interval,  tiU  the  work  is  finished. 

In  fitting  npthe boring  apparatus,  some  diversitv  of  prac- 
tice prevails,  ny  some,  a  hole,  to  admit  a  single  rod,  is  drilled 
through  the  whole  len^h  of  the  bar,  and  a  groove  is  sunk 
cntirenr  through  one  side  of  it,  so  as  to  come  into  the  hole 
thus  drilled.  A  branch  from  the  internal  part  of  the  socket 
is  fitted  into  the  groove,  with  an  eye  to  receive  the  end  of  the 
locL  to  which  it  is  secured  by  a  screw,  so  that  when  the  rod 
is  drawn  along,  the  socket  moves  at  the  same  time  in  the  same 
diiection.  A  woight  with  a  rope  over  a  pulley,  is  applied  to 
jiv9  tfao^pfogmssiTe  0Otion4o-UM  soofcet  upon  the  bar*    This 
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Boring  of  onliMacc-^DriUiog  wrth  the  kthe — the  bow. 

mode  of  constructing  the  bar  is  the  best  way  for  the  boring  of 
small  cylinders^  as  there  is  no  incumbrance  upon  the  socket; 
and  if  the  bar  is  suificiently  strongs  it  will  move  with  great 

isteadiness. 

Ordnance  were  formerly  cast  hollow ;  they  are  now  alwaya 
cast  solid,  and  afterwards  bored  by  machinery*  The  ^un  to 
be  bored  lies  with  its  axis  parallel  to  the  horizon,  and  m  that 
position,  moving  in  a  collar  fixed  at  each  end,  it  is  turned 
round  its  axis.  The  borer  is  laid  trul^  horizontal,  in  the  di« 
rection  of  the  axis  of  (he  gun,  and  is  incapable  of  motion  in 
^ny  direction  except  that  of  its  len^h;  and  in  this  directioi^ 
it  is  constantly  moved,  so  as  to  pierce  aud  cut  the  gun^  by 
roeansof  rack-\iork,  a  lever  and  weight,  as  above  described  for 
cylinder  boring.  The  outside  of  the  gun  is  smoothed  at  the 
same  time  by  men,  with  instruments  fit  for  the  purpose,  while  it 
revolves,  so  that  the  bore  may  be  exactly  in  the  oentie  of  the 
4neial. 

Qoring  differs  from  drilling  only  in  being  commonly  applied 
to  larger  workb.  Drilling  may  be  effected  in  a  lathe  with  great 
£icility.  The  drill  is  screwed,  or  otherwise  fastened,  upon  the 
spindle,  so  that  its  point  shall  turn  exactly  opposite  the  point  of 
the  bcrew  in  the  right  hand  puppet.  The  piece  to  be  drilled  i$ 
then  slightly  pierced  with  a  puucn,  where  the  drilling  is  to  com- 
mence, and  also  where  it  is  intended  to  come  out.  Against  the 
latter  puncture,  the  point  of  the  screw  in  the  right  hand  puppet 
is  directed,  and  gradually  pressed  forward  as  the  drill,  on  tqrning 
the  wheel,  is  found  to  cut.  The  motion  of  the  wheel  must  bo 
slow,  especially  for  .iron.  The  rest,  or  any  temporary  support^ 
may  be  used  to  keep  the  work  steady,  which  may  then  be 
.pertbrated  with  expedition  and  accuracy-  A  snort  lever^ 
with  a  weight  at  the  end  of  it,  may  be  applied  to  advance 
•the  screw,  so  ss  to  leave  both  hands  of  the  workman  at  liberty 
for  other  matters. 

Small  drills,  used  by  dock-makors  and  others,  ate  usually 
made  of  a  single  piece  of  steel  wire,  upon  which,  about  the 
middle,  a  pulley  or  drill  barrel  is  driven,  (see  %.  5.  pi.  III.) 
Sometimes,  a  shank  or  small  mandrel  is  used,  with  a  squaito 
hole,  about  half  an  inch  deep,  at  the  end  of  it,  into  which  drill 
bits  of  various  sizes  can  be  alternately  inserted.  The  disadvan- 
tage of  this  construction  is,  that  tlie  drill  bit  is  seldom  held  true, 
which  causes  it  to  perform  indifferently.  It  is,  therefore,  but 
little  used  by  thoxe  workmen  who  can  nadilv  furnish  tbemselvei 
with  the  other  kind  as  they  want  them.  When  these  small  drill*. 
.  are  used,  they  are  held  horizontally,  and  pressed  against  the 
VOii  by  a  breast  pieoe,  wUcb  is  aonetimcs  made  of  WQodi 
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and  somelinios  of  sheet  iron;  but,  in  either  cose,  is  rather  con* 

cave  on  its  inside,  to  rest  more  steadily  upon  the  breast,  and  in 

the  centre  of  the  oatside  is  fixed  a  bit  of  sted,  for  the  blant  en4 

of  the  drill  to  ivork  in.     The  drill  is  turned  bj  drawing  back?  I 

•waids  and  forwards  an  elastic  bow,  the  string  of  which  is  coiled 

once  round  its  pully.     TJie  best  bows  are  maide  of  steel,  and  ihf 

strings  of  catgut ;  the  strength  of  them  must  be  proportioned  to 

the  Mace  of  the  drill.     A  piece  of  stout  cane  makes  no  bad  subt* 

fttitute  for  a  steel  bow 

To  make  large  holes,  more  force  is  required  <han  can  be 
I^Ten  by  the  bow  and  string,  instead  of  which  a  brace,  not  very  ^ 

nnlike  that  used  by  joiners,  is  employed,  and  the  drill  itself  is  ^ 

fitted  as  a  bit;  but  instead  of  the  stock  which,  in  the  joiner's  tool^ 
lemains  stationary,  while  the  rest  is  turning,  we  have  here  a  long 
tapering  spindle,  which  being  nothing  more  than  a  continuation 
of  the  brace,  is  necessarily  carried  round  at  the  same  time.  The 
sipper  end  of  the  spindle  works  in  an  iron  or  steel  plate,  wbich 
is  fixed  on  the  under  side  of  a  beam,  called  the  drill  beam. 
One  end  of  the  beam  turns  upon  a  transverse  pin  between  two 
uprights,  pierced  with  various  holes,  to  fix  it  at  different  elevations ; 
ine  other  end,  which  is  pressed  down  by  a  weight,  passes,  when 
great  steadiness  is  wanted,  between  too  other  uprights.    The  < 

Cittt  of  the  bit  being  then  placed  upon  the  part  of  the  metal  to 
drilled,  the  brace  is  revolved  by  the  hand,  and  a  hole  to  any 
nqiUred  depth  may  be  made.  The  bit  should  be  well  fitted  to 
the  brace,  though,  as  very  small  holes  are  not  made  with  thi9 
Apparatus,  the  disadvantage  of  its  shakinc^  a  little  is  not  of  so 
much  moment  as  in  the  breast  drill.  l*he  drill  is  commonly 
4ttcd  up  so  that  the  work  to  which  it  is  applied  can  be  fixed  ia 
ike  vice.  Fisr.  6.  pi*  III.  represents  the  manner  of  fitting  up 
ike  hand  drill,  and  fig.  7.  one  of  the  bits  separately. 

The  veitical  part  of  the  cronk,  by  which  the  hand  revolver 
4be  drill,  ought  to  be  very  smooth,  or,  what  is  still  better, 
a  may  be  covered  with  a  loose  handle.  If  this  handle  be  made  of 
jroo,  it  niay  be  bent  round  and  soldered ;  if  of  wood,  it  may  be 
mode  out  of  a  hollow  cylinder,  cut  in  two  pieces,  belweeii 
^bieb  the  vertical  part  of  the  crank  may  be  enclosed,  and  it 
may  then  be  fastened  by  glue,  or  by  a  hoop  at  either  end^ 
the  diameter  of  the  hoop  being  made  large  enough  to  past 
j>ver  any  part  of  the  brace. 

Drills  ought  to  be  made  of  the  best  steel,  and  the  cutting  jNirt 
only  should  be  bard;  they  arc  therefore  tempered  by  keeping 
the  lower  end  out  of  the  fire,  but  heating  the  rest  considerably^ 
till  the  point  attains  the  desired  colour,  when  it  is  instantly 
SiKlfiA  in  the  usual  manner*    Bj  this  means,  the  cutting,  part  oi 
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the  fait  miy  be  tempered  to  a  straw  ooloor,  while  the  rest  is 
higher  than  blue,  so  that  its  liability  to  break  whea  in  iise»  is 
graatly  diminished.  We  may  observei  in  passing,  that  this 
mode  of  tempering  from  the  back  of  the  .tool,  so  as  tci  have  the 
ed|;e  only  in  a  state  ot  great  banloess ,  is  observed  as  a  genend 
pnaciple  in  the  art. 

Tbe  application  of  a  fly  wheel  to  the  upper  part  of  the  laiM 
hand  dril^  would  be  a  considerable  improvement ;  not  memj 
on  account  of  its  weight,  but  because  its  centrifugal  force  would 
4end  greatly  to  keep  the  drill  exactly  vertical. 

In  drilling,  as  in  sawing,  fiirged  iron  and  steel  require  oHi 
but  to  brass  ami  cast  iron  none  must  be  used.  For  boss,  alsiK 
tiie  drill  bit  is  made  thinner,  harder,  and  the  cuttiiig  edge  fiknaed 
hy  a  waon  acute  angle  than  for  irtm. 

« 

•  In  the  working  of  metak,  there  is  no  operation  more  commoa 
than  that  oi^fiUngy  and  perba|)s  there  is  none  so  little  oadenAood* 
A  file  is  an  instrument  too  familiar  to  every  one  to  requiiedacrtpA 
tion.  To  use  it  well,  generally  proves  one  of  the  most  difficult 
tasks  which  the  practical  roeobanic  has  to  encounter,  and  this 
difficulty  is  owing  more  to  the  want  of  a  proper  plan  in  setting 
about  the  work,  than  to  an^  other  cause.  Plane  surfaces,  fiir 
inrtance,  for  the  phUes  of  atr-pumps,  and  a  thousand  other  pui^ 
poses,  are  of  indispensable  use;  but  a  knowledge  of  the  manner 
in  which  they  may  be  readily  and  completely  executed,  is  coa* 
fined  to  very  few ;  and  a  workman,  awareof  the  exactness  required 
from  him,  can  rarely  be  found  who  will  undertake  to  execute 
them.  Grinding  is  tlie  common  and  dernier  resort  of  those 
irho  wish  t»  produce,  on  such  occasions,  the  last  degree  of 
accuracy ;  but  two  surfiices  may  be  ground  together  nr  ever 
irithout  being  made  pbine,  unh»,  bv  some  previous  operation^ 
all  their  cross^wmdhii  are  completely  remom*  In  the  exeeii* 
tion,  however,  of  tnis  previous  operation,  ncnrljr  the  whola 
difficulty  of  the  business  lies.  In  what  must  it  consist?  jGriod* 
Ing  has  a  tendency  to  perpetuate  any  r^gubr  convexity  or  co9» 
cavity  which  either  surface  may  have,  and  even  to  produce  one 
or  other  of  these  fofms  on  each  piece,  although  both  were  plain 
to  begin  with.  The  application  of  turning,  to  the  production 
of  pfaine  surfaces,  (for  which  see  tbe  section  on  turning,)  is 
■at  an  eaqr  undertaking,  and  requires  an  expensive  apparatus  | 
and  oflen  the  mere  fixing  (upon  tbe  chudi)  the  meCal  to  bn 
tamed,  takes  as  much  time  as  ought  to  he  required  for  the 
cmnpletkm  of  the  work.  We  wouki  incUe,  therefore,  the  in* 
genions  artist  to  place  oonfidenoe  in  the  i!fe^  with  whichi 
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iMsilite  nol  to  atrare  him,  tbit  more  beautiful  Md  aoeotate 
liorkmaiisbip  may  be  executed,  than  most  of  those  whoMe»  in 
ether  respcctsy  very  respectable  mechanics,  are  either  apprized  of 
or  dbposed  to  consider  possible.  In  this  line  of  eicertion,  v6 
Imve  witnessed^  with  admiration,  the  performatlces  0f  one  who 
BOW  holds  a  distinguished  situation  in  the  Rojal  Mint.  With 
the  file  alone,  as  his  cnttinff  and  polishing  tool,  he  has  not  only 
produced  specimens  of  workmanship  which  challenge  ail  com^ 
petitioo,  and  the  severest  scrutinyy  but  efiected  his  purpose  with 
a  d^ree  of  expedition,  and  consequent  economy,  of  which  n^ 
other  method  woirid  admit.  The  work,  (the  appearance  of 
which,  though  remarkably  fine,  was  only  a  secondary  considered 
^on,)  reqoirai  the  exact  parallelism  of  its  several  sides,  some  of 
Irhich  presented  a  surfiu:e  of  not  less  than  Afly  or  sixty  square, 
inches;  and  in  his  hands  the  file  did  all  this,  in  such  a  manner  ai 
to  set  at  defiance  the  elegant  art  of  turning,  and  to  render  the 
dirty  and  tedious  process  of  grinding  wholly  unnecessary.  How 
•Ren,  in  provincial  towns  especially,  liaveenibiyo  invention^been 
kept  back,  for  the  want  of  workmen  of  sufficient  skill  to  execute 
the  proposed  contrivance;  and  how  often  would  inventors  them- 
selvea  carry  into  efiect  their  designs,  if  they  were  not  filled  with 
the  apprehension  that  the  acquireiHent  of  a  competent  share  of 
mannai  dexterity  was  too  dfifllcult  a  task  to  be  attempted; 
Those  who  have  bad  the  roost  ample  opportunities  of  observa^ 
tien,  will  not  consider  these  idle  surmises ;  they  canadt  but  be 
aemible,  tfiat  the  inventions  which  become  publicly  known,  are 
lew  in  comparison  with  those  wliich  spring  up  in  the  minds  of 
i^enions  men,  and  perish  from  such  obstacles  *as  have  been  just 
stated,  often,  perhaps,  with  the  hour  which  gave  them  birthi 
What  one  man  has  accomplished,  let  not  another  despair  of 
aeeonfplishing  also.  Superior  opportunities  of  experience^ 
ate  often  vanquished  by  superior  exeiiions;  and  if  tliese  remarks 
on  the  excellence  attainable  in  an  art  of  the  first  importance  to 
Ihe  practical  mechanic,  should  stimulate  one  person  to  the  im<* 
piDveroent  of  his  skill,  they  will  not  be  useless. 

The  practical  directions  belonging  to  this  subject  now  ctain^ 
amt  attention.  Here  the  general  principle,  upon  tite  proper 
application  of  which  success  depends,  may  in  the  first  place 
ke  noticed;  it  is  simpty  this,  that  if  a  plane  surface,  already 
known  to  be  tnie,  could  be  made  use  ot  so  as  to  show,  with 
perfect  facility  and  correctness,  the  errors  df  another  upoll 
which  the  srtiit  may  be  employed,  as  often  as  he  wish^  to  as* 
eeitain  the  slate  of  bis  work,*  a  file  or  any  tod  by  which  all  the 
pmiectioni  may  be  removecl  without  reducing  the  other  parts, 
«ll  oiuMe  him  at  kngtb to  brimg  the  brtlet  saifice^d'an  execC 
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wHh  the  fomier.  Ssch  a  sarfece  is,  tbcreforei^ 
inditpcMably  neoesiaiy  in  the  art  of  flat  fllinf^;  and  we  may  add 
to  it  another  implement  of  almost  equal  iitilitj,  though  very 
little  osed|  namely,  a  perfectly  ttmight  steel  ruler,  for  which  we 
•ball  adpot  the  technical  term,  by  calling  it  a  siraighi  etige* 
On  the  production  or  procuring  of  these  two  things,  we  shall 
speak  in  a  future  section ;  at  present  we  shall  suppose  them  to 
be  obtained;  then  an  assortment  of  files  follows  of  course,  as 
also  a  Tice,  or  some  other  method  of  steadily  supporting  the  metal 
upon  which  the  file  is  intended  to  operate. 

Files  are  diflerently  formed^  and  of  various  sizes  for  difier* 
ent  purposes,  their  sectbns  being  either  square,  oblong,  trian« 
gular,  or  segmental;  the  files  of  these  sections  are  respectively 
denominated  square,  flat,  three  square,  or  half  round.  Thai 
sort  of  file  called  the  iafe^edge,  (on  account  of  its  not  being  cul 
on  one  edge,)  which  is  flat  on  both  sides,  and  of  equal  or  nearly 

aoal  bretulth  in  every  part,  is  the  best  for  every  purpose  to, 
lich  its  form  admits  of  its  being  applied,  and  is  particularly  to 
be  recommended  for  flat  filing. 

In  chusing  files,  some  degree  of  attention  is  requisite,  ami 
will  save  much  subsequent  trouble;  a  file,  the  surface  of  which 
is  twisted  in  various  directions,  (a  circumstance  which  very 
often  happeqs  in  hardening)  will  constantly  deceive  the  work* 
man,  as  it  will  produce  nothing  but  false  strokes.  They  must, 
tberefoiie,  be  chosen  free  from  such  imperfection,  but  a  small 
degree  of  regular  convexity  is  not  detrimental.  The  goodness 
of  a  file,  so  far  as  its  shape  is  concerned,  may  be  readify  deter« 
mined  by  the  eye,  in  the  same  way  as  the  joiner  examines  the 
straightness  of  a  piece  of  wood. 

It  is  perhaps  too  obvious  to  require  remark,  that  the  scratches 
made  by  a  file  will  be  prc^UHtionate  to  the  siie  of  its  teeth ;  and 
that  the  larger  these  are,  the  greater  will  be  the  eflfict  which  an 
adi^iuate  force  will  produce  at  one  stroke:  hence  the  very  evident 
propriety  of  commencing  the  work  with  the  coarsest  file  intended 
to  be  used;  and  afterwards,  in  regular  gradation,  employing 
Bner  and  finer  ones,  as  it  approaches  lo  the  finished  state- 
Files  may  be  obtaineil,  th^  teeth  of  which  are  so  extremdy  fine^ 
that  they  will  leave  the  surface  of  metal,  especially  if  it  be  brass^ 
almost  as  smooth  as  an  oil-stone.  These  are,  however,  seldom 
necessary;  and  for  most  pnrposm,  files  of  three  or  four  dq^ftes 
of  fineness,  are  quite  sufficient. 

As  most  of  the  articles  of  manofacture,  to  which  the  file 
can  be  applied,  are  commsed  of  -flat  surfaces;  as  he  who  can 
file  a  flat  surface  wdl,  wul  find  no  difikoltv  in  exiecwting  what* 
f  ver  the  file  will  enable  him  to  da;  wo  shall  detail  the  progreas 
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of  a  block  of  metal  taken  rougb  from  tlie  foundery,  till  it  is 
brought  to  a  finished  state,  and  suppiisinga  rectangular  figure 
to  be  aimed  at,  its  surfaces  will  then  be  truly  fiat ;  and,  accord- 
ing to  their  situation,  either  exactly  parallel,  or  exactly  at 
right  angles  to  each  other.  As  somewhat  greater  difficulties 
occur  in  filing  iron  than  brass ;  and  as  cast  iron  is  not  in  gen« 
eral,  so  easy  to  manage  as  the  other  descriptions  of  the  same 
metal,  we  shall  8uppos»e  it  to  be  a  block  of  cas^t  iron.  Merely 
for  the  sake  of  having  definite  ideas  of  our  subject,  as  we  go 
•long,  let  us  suppose  it  to  be  nine  inches  in  length,  seven  in 
breadth,  and  one  in  thickness.  On  receiving  it,  the  first  step  is 
to  examine  the  state  of  the  metal,  whether  it  be  hard  or  soft, 
warped  or  tolerably  straight,  perfectly  solid,  or  interspersed 
with  cavities.  If  it  prove  very  hard,  which'  may  be  known  by 
trying  it  with  a  file,  it  will  be  advisable  to  aimea I  it;  which 
will  greatly  fiicilitate  our  work ;  but  the  outside  will  still  be 
somewhat  harder  than  the  internal  part,  owing  principally  to 
some  of  the  sand  of  the  mould  closely  adhering  to  it;  tnis  out^ 
side  ot  rind,  some  workmen  remove  by  chipping,  in  the  man- 
ner already  spoken  of;  others  who  have  the  convenience,  take 
it  off  with  a  large  grindstone  turned  by  machinery ;  and  others, 
again,  use  the  file  immediately,  taking  the  precaution  only 
w  uring,  in  the  first  instance,  a  file  that  is  already  rather  worn, 
as  a  new  one  would  quickly  be  spoiled.  Chipping  is  upon 
the  whole  the  most  eccmomical  and  convenient  prcKress,  and 
when,  for  the  removal  of  imperfections,  or  any  otner  purpose, 
it  is  reauisite  to  reduce  the  block  materially,  it  is  decisively  to 
be  prewrred.  If  after  the  outside  has  been  removed,  there 
appear  any  cavities  or  other  imperfections,  which  are  hot 
likely  to  be  removed  by  the  file,  and  which  wilt  unfit  the  piece 
for  its  destination,  they  may  be  drilled  out,  and  the  holes  made 
by  the  drill  filled  with  rivets.  Small  imperfections  may  lie 
vemoved  by  drilling  to  the  depth  of  about  half  an  inch, 
and  then  driving  in  a  plug  made  of  wire,  which  may  be 
fitted  sufficiently  tight  to  bear  any  degree  of  hardship,  and 
sufliciently  correct  to  avoid  the  slightest  appearance  of  a  flaw, 
without  the  trouble,  as  in  rivetting,  ot  making  the  top  of  the 
hole  wider  than  the  rest.  With  a  view,  houever,  to  complete 
security,  some  tap  the  hole  they  have  drilled,  and  then  ttcr'ew 
in  a  pin  which  exactly  fits  it ;  but  when  this  is  done,  on  a  small- 
scale,  in  filing  the  surface  level,  that  part  of  the  thread  which 
is  nearest  to  the  surlace,  is  apt  to  break  off,  to  the  extent  ot  a 
semicircle,  and  thus  leave  the  work  imperfect;  whereas,  when 
the  plug  or  the  rivet  is  well  fitted  in,  the  place  caniicit  alter-* 
waras  be  distinguiabed  i'tom  the  other  parts  of  the  block,  by  any 
2.  Vol.  I.  U 
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other  circumBtanoe  than  the  superior  brightness  of  the  inal* 
leable  iron. 

As  the  holes  in  a  piece  of  cast  iron,  which  are  occasioned 
either  by  stagnated  air,  or  the  foiling  in  of  part  of  the  mould, 
are  mostly  not  only  very  roufh  but  wider  mternally  than  on 
the  surface,  they  may  be  filled  with  melted  lead,  pewter,  or 
some  other  soft  metal,  which  they  will  retain ;  tyj)e-metal  will 
answer  extremely  well,  as,  from  the  antimony  it  contains,  it 
expands  in  passing  from  Ih^  fluid  to  the  solid  state.  This  modo 
is  applicable  when  levelness  of  surface  is  the  principal  object 
in  view,  and  it  is  necessary  to  pay  little  regard  to  the  uniform* 
ity  of  its  appearance,  to  the  equal  hardness  of  its  several  parts, 
or  to  its  bemg  able  to  bear  heat.  If  we  were  speaking  of  a 
piece  of  metal,  eventually  to  be  subjected  to  considerable  stress, 
we  might  here  observe,  that  thus  to  fill  up  the  hollows  it  con* 
tains,  will  greatly  increase  its  capability  of  resistance. 

Let  us  now  suppoto  that  the  block  we  have  in  hand,  is  com* 
pletely  freed  from  its  hard  black  scurf,  and,  as  far  as  mav  be 
thought  necessary,  from  every  imperfection  which  the  file  it 
incapable  of  removing.  We  now  select  the  file  we  intend  to  use 
first,  and  in  doing  this  we  pitch  upon  a  safe-edge  one,  aJiout 
fourteen  inches  long,  an  inch  and  a  half  broad,  -and  containing 
about  fourteen  rows  of  teeth  in  each  inch  of  its  lencth..  In  the 
act  of  filing,  the  file  is  held  by  the  handle  and  pushed  forward 
by  the  right  hand;  while  the  left  hand,  near  the  wrist,  pressing 
upon  its  lower  end,  gives  e&ct  to  the  stroke,  which  must  be 
directed  as  nearly  horiaontal  as  possible.  By  the  occasional 
application  of  the  straightedge  to  the  surfiioe  we  are  filing,  in 
various  directions,  but  in  particubir,  diagonally,  we  eaisily 
ascertain  the  state  of  our  work,  and  remove  in  succession  the 
devated  parts.  The  inequalities  at  length  become  so  small,  that 
it  would  DC  tedious  to  apply  the  straight«edge  to  discover  them; 
but  btu^  provided  witn  a  surface  which  we  know  to  be  true, 
(and  which  we  shall  designate  bv  calling  it  a  table,  as  it  ought 
always  to  be  larger  than  the  work  we  are  filin^r,  and  for  general 

gurposes,  may  with  much  advantage  contam  several  sijuaie 
«t,)  we  now  make  use  of  it,  for  the  detection  of  the  lemauing 
imperfections,  in  the  following  manner:  we  mix  findy  wadiea 
red  chalk  or  ochie^  with  olive  or  any  other  oil  which  is  not  via* 
dd,  and  we  rub  this  mixture  uffon  it  with  a  piece  of  cloth,  so  as 
to  cover  the  whole  of  it  very  thinly  and  evenly.  If  the  surfiioe 
we  are  filing  be  then  turned  down  upon  it,  and  moved  a  few 
times  backwards  and  forwards,  it  will  be  ever v- where  equally 
covered  with  ochre  from  the  table,  provided  it  be  equally  levd. 
But  as  this  will  never  happen  at  the  nnt  trial,  those  pails  wtdds 
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are  highest  will  alone  be  reddened,  and  they  must  be  reduced 
by  the  re-application  of  the  file.  As  soon  as  the  marks  left  by 
the  ochre  have  disappeared,  and  we  think  we  have  removed  the 
inequalities  they  pointed  out,  we  again  try  the  state  of  our  work 
as  before,  and  continue  to  repeat  the  same  process  till  it  is  fin- 
ished. When  it  approaches  nearly  to  a  perfect  plane,  the 
ochre  will  redden  a  great  number  of  places  in  small  spots  or 
strips,  and  then  we  not  only,  agreeably  to  the  remark  already 
made,  use  a  fine  file,  but  hold  it  rather  diflferently.  Instead 
of  pressing  it  down,  as  when  we  began,  with  the  broad  part  of 
the  band,  we  now  merely  press  upon  it  with  two  or  three  of  our 
fingers,  by  which  means  we  are  enabled  to  observe  more  distinctly 
4he  spot  upon  which  we  bear,  and  to  move  with  more  expedition 
fiom  one  part  to  another. 

Before  we  b^n  io  finish  our  work  with  much  nicety,  we 
carefully  attend  to  one  thing;  turning  that  side  of  the  block  we 
liave  been  filing  down  upon  the  table,  we  strike  the  back  of  it, 
at  the  comers,  centre,  and  various  other  parts  at  pleasure,  with 
a  mallet,  or  the  end  of  the  handle  of  a  hammer  held  perpen- 
dicularly. If  a  dead  sound,  such  as  would  be  heard  on  strik- 
ing the  table  itself  in  a  similar  manner,  be  produced,  we  feel 
gntified  by  the  assurance  thus  aflbrded  that  we  have  none  of 
those  twistings  of  the  surface  which  are  technically  termed  cross* 
Ttmdifigs^  to  remove;  but  if  a  sharp  chinking  sound  be  pro- 
duced, it  is  evident  that  the  surfaces  of  the  table  and  the  bu>ck 
do  not  coincide,  for  the  blow  of  the  hammer  has  pressed  one 
part  of  the  blodk  lower  down  than  it  was  before,  and  raised  ano- 
ther {Nirt ;  and  to  the  action  of  the  surf,^  :::  rpon  each  other  thus 
occasioned,  the  ringing  sound  is  attnoatabie.  If  the  comer 
of  the  block,  to  the  extent  of  a  square  inch,  or  even  much  less, 
be  Iowa  than  the  remainder  of  the  surface,  in  no  greater  degree 
than  the  common  thickness  of  a  sheet  of  writing  paper,  this 
mode  of  trial  will  make  the  imperfection  very  distinctly  percepti- 
ble. If,  therefore,  the  Mock  will  not  stand  the  test  of  this  exam- 
ination, we  immediately  proceed,  by  the  use  of  the  ochre,  to 
detect  the  extent  of  the  elevated  parts ;  and  in  moving  the  block 
mon  the  table  for  this  purpose,  we  are  careful  to  press  only  on 
those  parts  under  which  we  know,  by  onr  previous  trial  with  the 
hammer,  they  are  compriced.  Having  obtained  the  marks  we 
desire,  we  file  away,  to  tne  best  of  our  judgment,  the  convexities 
they  indicate,  and  repeat  the  experiment  and  filing,  till  the 
block  will  lie  perfectly  solid  upon  the  table.  This  object,  so 
essential  io  good  work,  being  obtained,  and  it  ought  always  to  be 
oMaiaed  as  early  as  possible  in  our  progress,  we  shall  approach, 
^vilh  surer  steps,  to  tne  successful  accoi^pUshment  of  our  task. 


38  MECHANICAL  EXERCISES. 

U^  of  the  callipen  and  p^ngfi  in  fiJing. 

The  practitioner,  however,  will  soon  discover,  that  although 
the  teii  by  the  hammer  answers  an  important  purpose,  in  prov- 
ing: the  existenoeor  non-existence  ofcross-windings,  yet  its  appli- 
cation extends  but  little  further;  the  depression  of  any  particular 
part,  before  it  can  point  it  out,  roust  not  only  extend  to  the  edge 
of  the  block,  but  must  embrace  a  small  portion  at  least  of  two 
sides.  Without,  therefore,  expecting  from  it  what  it  cannot 
afliwd  us,  we  use  it  merely  as  a  collateral  help ;  the  use  of  the 
ochre  simply  is  our  universal  test ;  but  if  we  wish  to  know  the 
measure  of  any  particular  imperfection,  we  resort  to  a  good 
straight-edge,  the  application  of  the  arris  of  which,  to  any 
part  we  cbuse  to  try,  gives  us,  wiih  the  utmost  precision,  the 
iinformation  we  are  seeking.  If  the  surface. tried  be  perfectly 
true,  no  light  will  pass  between  it  and  the  straight-edge;  but  if 
any  hollow  be  present,  the  breadth  and  depth  of  the  line  of 
light  which  appears,  betrays  its  extent. — Arris  is  a  common 
term  in  the  arts,  applied  to  signify  the  line  of  concourse  or 
meeting  of  two  surfaces. 

iiCt  us  now  suppose,  that  one  surface  of  the  block  will  bear 
examining  in  the  difterent  ways  above  mentioned ;  it  will  then 
coincide  witJi  the  table  so  exactly,  that  when  laid  upon  it,  the 
finest  hair  could  not  be  drawn  out  or  even  moved,  alt  whatever 
part  between  the  two  planes,  a  portion  of  it  were  phu»d.  Not- 
withstanding this,  the  surface,  though  very  smooth,  has  not 
been  nicely  polislied ;  the  polishing  we  leave,  if  not  to  the  last, 
at  least  till  the  opposite  side,  to  which  we  now  proceed,  is 
equally  advanced.  Here  we  have  an  additional  object  to  attend 
to;  we  have  not  only  to  make  the  second  side  as  level  as  the  firsts 
but  also  to  make  it  parallel  with  it  at  the  same  time.  The 
flatness  is  obtained  by  a  repetition  of  the  means  adopted  to  bring 
the  fin^t  surface  to  that  state,  and  the  parallelism  of  the  two 
sides  is  a  necessary  consequence  of  making  the  block  every-where 
equally  thick.  Having,  therefore^  seta  pair  of  callipers  to  the 
thickness  intended,  or  adopted  some  other  equivalent  mode  of 
measurement,  we  frequently  examine  it  with  respect  to  this  par- 
ticular. Callipers,  in  experienced  hands,  may  be  made  to 
answer  for  this  purpose  very  well,  but  they  are  apt  to  mislead 
the  unwary,  as  they  afford  diflerent  indications  with  slight 
differences  in  ihe  manner  of  holding  them.  In  using  them, 
therefore,  we  always  hold  the  centre  of  the  head  in  such  a  man* 
ner  that  a  line  passing  through  it,  and  exactly  midway  between 
the  points,  shall  be  parallel  with  the  surfiioca  they  inclose*  Cal« 
lipers  are  oiten  superseded  by  what  is  called  a  gauge,  whicli 
js  nothing  more  than  a  piece  of  sheet  iron,  steel,  or  brass,  cut 
in .  the  manner  M|own  hy  fig.  8.  pi.  Ill,  so  that  the  distance  be* 
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tween  the  1^  AB,  ^hich  ought  to  be  Exactly  parallel  with 
each  other,  will  exactly  take  in  the  proposed  thickness  of 
the  block.  It  is  much  easier  to  fife  correctly  with  the  assistance 
of  a  gauge  than  a  pair  of  callipers;  and  as  the  width  of  the 
fonner  always  remains  the  same,  we  have  an  additional  reason 
for  preferring  it,  when  it  is  probable  we  shall  often  have  occasion 
to  measure  like  dimensions;  callipers,  eyen  if  we  wish  to  keep 
them  to  one  extent,  being  easily  deranged  by  a  tall  or  other 
common  accident,  and  the  frequent  resetting  of  them  frittering 
awav  our  time. 

Those  who  wish  to  avail  themselves  of  the  utmost  refinement 
of  artificial  help,  will  not  be  displeased  by  the  mention  of 
another  expedient  belonging  to  this  subject.  Two  gauges  may 
be  made,  one  of  them  of  the  true  width,  and  the  other  a  very 
little  wider;  the -block  may  then  be  tiled  down  to  the  latter  with, 
rather  a  coarse  file,  and  afterwards  to  the  former  with  a  fine  one. 
Those  who  think  fit  to  take  this  pains,  can  scarcely  fail  to 
succeed  to  their  wish.  Another  hint  deserves  a  place;  we  are 
attentive  to  make  the  block  fit  the  gauge  tightly;  for  of  the 
degree  of  tightness  we  can  correctly  judge;  but  if  we  make 
th«n  slack  to  each  other,  we  can  hardly  determine  the  d^ree 
of  that  slackness  with  even  tolerable  accuracy. 

When  we  discontinued  filing  the  first  side,  we  have  re- 
marked, that  we  left  it  unfinished  or  unpolished.  The  reason 
for  this  requires  explanation;  labour  bestowed  in  polishing,  at 
the  time  alluded  to,  would  have  been  thrown  away.  The  heat 
produced  by  the  strokes  of  a  lar^e,  coarse  file,  expands  the  sur* 
nee  upon  which  they  act,  renders  it  convex,  and  the  opposite 
one  necessarily  concave.     These  effects  remain  in  part,  after  the 

auilibrium  of  temperature  is  restored.  While  we  are  employ* 
1  upon  the  first  side,  they  are  overlooked,  but  when,  after 
having  nearly  finished  the  second  side,  we  find  upon  trial  with 
the  ochre,  that  the  other  no  longer  affords  the  same  indications 
of  correctness  which  it  did  before,  we  are  convinced  of  the 
propriety  of  having  postponed  the  finishing  of  it.  In  a  block 
eight  or  ten  inches  long,  the  error  seldom  exceeds  the  five 
fcundreth  part  of  an  inch,  and  therefore,  not  having  be^un  to 
polish  when  it  occurs,  we  can  use  a  file  by  which  it  will 
qoickly  be  removed. 

Having  now  so  for  accomplished  our  purpose  as  to  have  ren« 
dered  the  two  principal  surfaces  of  our  block  correctly  plans 
and  parallel  with  each  other,  we  immediately  direct  our  atten- 
tion to  the  four  which  yet  remain  in  the  rough  state ;  these, 
far  the  sake  of  distinction,  we  may  call  the  edges.  We  b^in 
opon  one  of  the  two  longest  of  them,  and  file  it  true,  in  the 
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same  manner  as  we  did  in  the  first  example,  except  that  we 
make  use  of  a  square,  applied  alternately  from  the  two  sidev 
already  filed,  in  order  to  assist  us  in  keeping  it  exactly  at  right 
angles  with  them.  As  soon  as  this  edge  is  true,  we  make  the 
opposite  one  parallel  with  it  by  a  suitable  gauge,  checking  the 
chance  of  error  by  applying  the  square,  which  can  quickly  be 
run  along  the  whole  length  of  the  edge ;  and  ascertaining,  as 
usual,  the  general  flatness  of  the  whole  surface  by  the  use  of  the 
ochre  and  &ble.  As  soon  as  two  of  the  edges  have  been  made 
true,  the  remaining  two  are  brought  to  the  same  state,  by  a 
repetition  of  exactly  the  same  means. 

If  we  are  provided  with  a  rectangular  bar  of  iron,  or  an^r 
kard  metal,  the  sides  of  which  are  very  smooth,  and  exactly 
perpendicular  when  it  is  placed  upon  the  table,  we  may  make 
use  of  it,  in  the  filing  of  these  edges,  as  follows:  cover  one  side 
with  the  ochre  and  oil,  place  upon  the  table  either  of  the  sides 
at  right  angles  with  the  one  thus  coated,  opposite  which  ])laoe 
that  edge  of  the  block  which  is  to  be  tried ;  press  the  block  and 
the  bar  down  upon  the  table  and  against  each  other  at  the  same 
time,  moving  one  of  them,  while  they  are  in  contact,  back« 
wards  and  forwards  two  or  three  times.  The  marks  left  upon 
the  block,  show  at  once  all  its  deficiencies.  This  mode  of  trial 
would  also  completely  succeed  in  other  cases ;  for  example,  if  we 
bad  to  file  the  inside  of  a  frame  such  as  printers  use  to  fasten 
their  types  in,  to  which  no  other  method  would  be  so  advanta* 
geonsly  applicable. 

We  pass  one  of  our  smoothest  files  along  the  arris  of  the 
two  surfaces  upon  which  we  are  going  to  apply  the  square,  in 
order  to  take  off  that  extreme  sharpness,  and  those  overhanging 
particles  of  iron,  produced  by  filing,  and  which  would  prevent 
that  instrument  from  afibrdiog  a  correct  indication  of  the  an^ 
examined. 

As  our  block  is  too  broad  to  be  held  between  the  chaps  of 
the  vice,  we  placed  it,  before  we  be^an  to  file  the  principal 
surface,  upon  a  piece  of  stout  board,  in  breadth  about  an  inch 
each  way  larger  than  itself;  and  drove  into  the  board,  close 
to  its  edge,  a  strong  nail  here  and  there,  so  as  to  prevent  ite 
horizontal  motion,  but  not  its  being  lifted  up  and  taken  off  per* 
pendicularly.  Bv  a  square  piece  of  wood,  about  two  inches 
Droad,  being  firmly  screwed  to  the  under  side  of  the  board,  and 
fiistened  in  the  vice,  a  steady  and  conTenieni  support  is  ob* 
tained  for  our  work.  But  as  soon  as  the  filing  of  the  edges 
was  commenced,  this  board  was  discarded,  and  the  rice  alone^ 
its  teeth  only  being  covered  with  lead,  was  used  to  hM  the 
block. 
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Experienced  plane-makers  and  others,  who  use  files  to 
smooth  their  wood-work,  select  those,  the  teeth  of  which  are 
cut  without  cross  lines,  and  we  find  that  upon  iron,  files  of 
this  sort  answer  better  for  polishing  than  any  other.  We 
accordingly  use  them  of  such  a  degree  of  fineness  as  will  effect 
our  purpose,  if  that  can  be  effected  by  a  file:  tbelast  degree  of 
smoothness  can  only  be  obtained  by  grinding.  We  always  take 
care,  when  using  a  fine  file,  to  spread  the  ochre  so  thin  as 
bardly  to  colour  the  table,  otherwise  we  should  presently  choke 
m  its  teeth,  and  not  finish  our  work  with  so  much  exactness. 
Ochre  is  too  soil  a  material  to  injure  a  file,  and  when  it  does 
choke  up  the  teeth,  it  may  be  removed  with  a  brush. 

We  have  now  detailed  the  means  by  which  a  rectangular 
prism  of  cast  iron,  possessing  a  remarkable  degree  of  correct- 
ness of  figure  may  be  produced.  On  the  uses  for  which  such  a 
block  may  be  required,  on  the  application  of  the  general,  phm 
to  other  sorts  of  work,  and  on  the  importance  and  multiplied 
advantages  of  correct  filing  in  general,  we  presume  it  is  un- 
necessary for  us  to  enlarge.  If  there  be  those  who  are  more 
attentive  to  authority  than  reason,  and  who  inquire  by  whom  a 
process  is  used,  rather  than  what  is  its  merit,  we  assure  them 
that  the  method  of  filing  here  pointed  out,  is  adopted  in  the 
fiu'-fiuned  manufactory  of  Bolton  and  Watt,  at  the  Soho,  near 
Birmingham. 

Workmen  who  have  various  sorts  of  metal  to  work,  have 
an  economical  mode  of  management  in  the  use  of  files,  which 
deserves  to  be  noted.  They  use  all  their  new  files  to  brass  in  the 
first  instance ;  when  the  original  keenness  of  the  teeth  has  been 
diminished  by  this  metal,  taey  lay  them  aside  to  be  ready  for 
filing  cast  iron ;  and  when  they  cease  to  be  sharp  enough  for 
cast  iron,  they  use  them  to  malleable  iron,  for  which  they  will 
serve  tolerably  well  awhile  longer.  Let  this  order  be  reversed; 
let  a  new  file  be  used  first  to  malleable  iron,  then  to  cast  iron^ 
and  lastly  to  brass,  it  will  hardly  do  more  than  half  the  service; 
tbe  teeth  strike  into  the  malleable  iron,  aiid  the  best  portion  of 
them  is  broken  off;  the  file  is  then  of  little  value  for  cast  iron ; 
and  glides  over  brass,  which  requires  a  keen  edge,  almost  without 
eflbct,  unless  seconded  by  a  great  exertion  of  strength. 

The  last  uses  of  a  file  may  be  to  smooth  wood  or  metal 
levolving  in  the  lathe;  some  keep  them  for  a  short  time  red 
hot  in  the  open  fire,  and  then  retemper  them  before  tbey 
use  them  in  this  way ;  the  scale  which  tney  cast  leaving  them 
somewhat  sharper  than  they  were  previously :  others  make  such 
«f  their  ohi  files  as  have  stood  well,  into  screw-plates  and  chisels^ 
OB  the  presumption  thirt  they  cannot  have  better  sted. 
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GcDeriftl  reDMurks. — Method  of  griodiog  a  tnie  plane. 


Grinding.  * 

We  restrict  tbe  signification  ot  this  term  to  the  abrading  of 
metals  and  other  substances,  by  rubbing  them  against  each 
other.  In  general,  some  hard  body,  such  as  emery,  in  a  pul- 
verulent state,  and  mixed  with  water,  oil,  &c.  is  interposed 
between  the  jpieces  ground  together;  but  when  one  or  both  of 
them,  as  in  the  example  of  grit-stone,  is  composed  of  particles 
which  will  cut,  and  motion  alone  separate,  the  powder,  and 
even  the  fluid,  areoften  dispensed  with.  When  grinding  is  only 
employed  to  produce  a  smooth  shining  surface,  it  is  called 
podshing. 

An  observation  or  two  has  already  been  thrown  out  on  the 
subject  of  grinding,  but  this  method  of  working  metabj 
requires  a  little  further  elucidation.  If  the  artist  be  not  fully 
aware  of  the  general  principle  upon  which  he  must  proceed^ 
and  of  what  grinding  will  really  enable  him  to  do,  he  will 
often  incur  considerable  expense  and  disappointment. 

In  grinding  two  surfaces  together,  the  usual  sources  of  error, 
are,  trat  the  cutting  powder  is  unequally  spread  between  them, 
that  they  are  not  every-where  equally  hard,  and  that  some 
parts  receive  a  greater  number  of  strokes  than  others. 

Suppose  we  have  two  similar  blocks  of  iron,  and  wish  to 
make  one  of  them,  at  least,  perfectly  flat,  from  which  state,  as 
far  as  the  eye  can  judge,  let  it  be  granted  that  they  are  already 
not  very  remote.  Let  us  grind  them  together  with  emery. 
Having  done  this  for  some  time,  they  assume  a  very  smooth 
appearance,  but  we  find,  upon  examining  them,  that  we  have 
not  attained  our  object — they  are  not  plane.    If  we  have  been 

Sinding  long  enough,  we  shall  generally  find,  that  one  of 
sm  is  pretty  regularly  concave,  and  the  other  correspoodentiy 
convex;  and  we  may  be  assured  that,  withont  some  further 
device,  no  variety  of  rectilnear,  circular,  or  elliptical  strokes^ 
will  ever  bring  either  of  them  to  the  state  we  desire.  But 
suppose  we  are  provided  with  a  third  block  of  a  similar  siie, 
and  concave  in  about  the  same  degree  as  one  of  the  two  in  qaes« 
tbn ;  if  we  grind  these  two  concave  surfaces  toi^her,  they  wiU 
mutually  correct  the  defects  of  each  other.  Here  then  we  aie 
furnished  with  the  key  to  success  in  this  art:  -^to  grind  one 
surfiice  perfectly  flat,  it  is  indispensably  necessary  to  grind  three 
at  tbe  same  time.  In  practice,  we  do  not  ascertain  the  state  of 
each  surfiice  by  experiment,  with  the  vkw  of  bringing  simihur 
defiects  together,  (as  just  staled  in  order  to  render  theexpUuiatioB 
more  evident,)  but  proceed  by  grinding  them  interchangeably, 
oftoi  reveniiig  their  poaitioDi  pressing  upon  every  part  with 
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an  equal  weight,  spreadinf^  the  emerj  or  whatever  may  be  used 
iM  the  culdng  ponvder,  as  ereniy  as  possible,  Moiuelimcs  iT\ovin|p 
diagonaUy  ana  sonietiiiies  from  side  to  siide,  with  an  intermix- 
ture of  reeliUfiear,  cirealar,  and  elliptkMi  strokes.  To  execmte 
§Mid  work  in  Ihis  art,  so  far  at  leaKt  ab  plane  surfiices  are  con- 
eoraed,  nttoual  labour  can  alone  bedepetided  upon.  Thou^k 
gluB  is  nittcb  iBore  easily  ground  true  than  roost  of  tlie  metals^ 
yet  Ike  plate  glass,  wkick  is  ground  by  machinery,  is  perhaps 
M?er  so  perfect  as  it  might  be  made  by  the  hand,  and  somHimes 
paits  of  kiokijiy  glasses  caUed  plane,  are  demoostmbly  possessed 
•f  tke  piopeities  of  concave  or  omvex  mirrors. 

Emery  is  tke  substance  must  commonly  employed  as  tke 
cottiag  powder  in  tke  grindkig  of  metals.  Tke  artist  should  be 
yrovimd  with  it  of  various  degrees  of  fineness;  and  as  it  is  neces* 
snry  that  the  finest  sort  should  be  entirely  free  from  the  ad«* 
aaiiiafo  of  coarse  grains,  it  is  advisable,  on  this  account,  to 
keep  U  at  a  distance  from  the  other  kinds.  It  is  the  pra<:ti(e  of 
some,  not  to  polish  in  the  same  room,  or  even  in  the  same 
ckthcs,  tkey  used  tor  the  rougher  part  c^  their  operations. 
As  soon  as  tke  emery  tkrown  upon  tiie  work,  is  found  to  have 
little  or  no  effect,  being  convertea  into  mud,  it  must  be  entirely 
washed  away,  and  tke  supply  renewed.  Wht^n  iron  or  brass 
fcav»  been  giouod  with  emery,  it  is  difficult  to  file  them ;  the  file 
wears  very  frst,  and  prodnora  but  a  slight  eflect,  till  tke  emery 
iriiick  kas  entered  kilo  tke  poves  of  tke  metal  is  removed. 

Water,  kaving  ike  strong  recommendation  of  cheapness,  is 
the  fluid  Biosi  commonly  used  in  grinding;  but  with  oil,  metals 
are  cut  more  evenly,  expedittoi^y,  and  fewer  scratches  are 
produced.    It  is  theiefiDre  roost  used  to  finish  and  polivh  with. 

Tbo  soAer  the  three  bodies  intended  to  be  ground,  the 
ippeatcr  aMiy  be  their  inequalities  at  the  commencement  of  this 
Umhut,'  with  an  equal  chance  of  making  them  perfect  in  the  end. 
SUicioas  substances,  such  as  emery  and  sand,  tidLC  such  power* 
fill  hold  upon  calcareous  tcwsils,  to  wkich  class  of  subMances 
htlong  almosi  aU  the  hardest  stones  in  common  use,  that  tkejr 
■inj  tegronnd,  horn  rather  a  roiigk  state,  till  they  become  vt^ry 
trar.  The  stone  and  mart>le  maMins  care  notking  about  thai 
kigh  d^gsee  of  aecnracy  wkick  is  here  contended  for ;  but  if  any 
•no  who  UHty  be  disposed  to  follow  the  directions  given  in  the 
last  seotkio  tbr  filing,  be  supplied  by  one  of  tkese  arti^ts  with 
these  alaba  of  masme,  or  some  close-grained  komogeneous  stone, 
traa  in  their  best  manner,  ke  may  afterwank,  wttk  proper 
finiak  them,  according  to  the  principle  here  laid  down, 
aana  to  ppsaass  a  table,  with  which  he  will  probably  have  little 
nason  to  be  dissatisfied.  This  must  be  umknlpod  to  be  tke 
9.  Vofc.  I.  P 
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resort,  ^hen  it  is  impoesible  or  inconvenient  to  procure  an  iron 
table,  which  is  always  to  be  preferred,  and  maj  in  tact  be  niana« 
fectared  with  ease,  especially  it*  no  extraonlinarj  siae  is  r&* 
quired,  by  the  help  of  one  ot  stone,  obtained  as  atiove  recited. 

The  metals  are  ot  a  much  more  unyielding  nature  than 
stone;  and  when  they  are  the  subjects  of  our  labour,  a  diftrent 
line  ot  policy  must  be  pursued.  The  grinding  of  them  should 
always  be  cum  para tiyely  a  short  operation.  In  the  remoyal  of 
considerable  inequaUt)eb,  the  file  will  often  do  more  in  a  quarter 
of  an  hour,  than  grinding  in  a  whole  day;  but  when  the  uuper« 
^tions  extended  over  a  surtace  become  exceediuffly  numerous 
and  minute,  such,  in  shoit  as  a  file  or  any  tool  whicn  actsonlv  on 
a  small  spot  at  once,  is  necessarily  disposed  to  leave,  and  which 
scarcelj  at  all  afiect  the  general  level  of  the  whole,  the  case  is 
reversed,  and  the  file  will  not  produce  so  finished  an  efiect  in  a 
day,  as  grinding  in  a  quarter  of  an  hour.  If  any  one  of  three 
plates  or  slabs,  which  have  been  ground  together,  will  adhere  sa^ 
closely  to  either  of  the  other  two,  as  to  exclude  the  atmosphere 
from  the  surfaces  in  contact,  and  albw  both  to  be  lifted  up  by 
taking  hold  of  one  of  them,  a  strong  presumption  is  affi>rded  that 
all  of  them  are  true. 

The  common  grindstone,  upon  which  tools  are  sharpened, 
requires  no  description,  yet  it  may  be  useful  to  observe,  that  it 
will  be  much  easier  to  grind  plane-irons,  chisels,  Sec.  upon  it^ 
when  the  circumference  is  kept  a  little  convex.  When  these 
and  similar  tools  are  ground,  it  should  also  turn  towards  the 
person  holding  them,  so  as  to  run  against  their  edge.  Grind* 
stones  are  often  turned  by  machinery.  When  the  velocity  is 
ver^  great,  they  do  not  cut  well,  and  will  also  sometimes  break, 
a  circumstance  which  has  occasioned  the  most  serious  accidents. 
It  was  formerly  the  invariable  practice  to  hang  them  on  an  axis 
passing  through  a  piece  of  wood  which  occupied  a  square  hole 
cut  through  the  centre  of  them;  when  thia  wood  beeune  wet, 
the  swelling  of  it  powerfully  seconded  the  tendency  of  m|Nd 
motion  to  break  them.  The  practice  of  securing  them  by  a  cir- 
calar  plate  screwed  firmly  against  each  side,  was  therefore 
adc^ted,  and  is  becoming  more  general.  The  stones  upon 
which  cutlery  is  ground,  are  carried  at  the  rate  of  about  six 
hundred  feet  per  second.  At  Wickenley,  near  Sheffield,  stones 
are  obtained  which  heat  so  little  that  they  admit  of  being  used 
drj.  When  clogged,  they  are  cleared  with  a  bar  of  son  iron. 
This  process  of  dry  grimling  is  of  the  most  destructive  nature 
to  the  men  employed;  the  sharp  particles  of  iron  constantly 
flying  about,  find  their  way.  to  the  longi,  and  olttmately  pro* 
dace  incuaUe  oomplaints. 
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The  clasor.— Tbf*  polisher. — The  bnish. — OriDding  copper  plates. 


In  the  manufiictare  of  cutlery,  the  use  of  the  stone  is  follow- 
ed by  that  of  the  lap  or  glazor.  This  is  formed  of  a  number  of 
pieces  of  wood,  in  such  a  manner  that  the  edge  or  face  may. 
always  present  the  end  way  of  the  wood,  or  it  would  change  its 
figure.  Sune  slazors  are  covered  with  strong  leather,  others 
with  an  alloy  of  lead  and  tin.  After  the  face  of  them  is  turned 
to  the  proper  form  and  size,  it  is  covered  with  rakes  or  notches, 
which  are  filled  up  with  emery  and  tallow.  The  glazor  is 
earried  at  the  rate  of  fi.Aeen  hundred  feet  per  second. 

The  poHsheTy  in  the  same  branch  of  art,  is  a  circular  .piece 
of  wood,,  running  upon  an  axis  like  the  stone  and  glazor.  It 
is  covered  with  buff  leather,  and  its  surface  is  from  time  to  time 
leplenished  with  colcothar.  The  polisher  is  not  allowed  to. 
move  quicker  than  about  seventy  or  eighty  feet  per  second. 

A  brushy  consisting  of  a  circular  pi(*ce  of  wood  fitted  upon 
an  axis,  and  set  upon  the  face  with  strong,  bristles,  is  used  to 
polish  those  pails  which  have  been  filed,  and  which  the  lap  and 
me  polislier  cannoi  touch  • 

Coj^r-plates  arq  prepared  for  the  engraver,  by  placing 
Ibem  upon  a  board  forming  an  inclined  plane,  and  rubbing 
them  with  a  piece  of  sharp  grit  stone,  first  in  the  direction  of 
their  length,  and  then  in  that  ot  their  breadth,  with  rectilinear 
strokes,  till  the  marks  of  the  planishing  hammer  and  other 
defects  are  t^en  out.  The  lower  edge  oi  the  plate  may  lie  in 
a  trough  of  water,  -so  that  the  necessary  supply  of  this  fluid 
will  be  carried  over  the  plate  without  stopping  to  throw  it  on. 
The  scratches  left  by  the  grit  stone  are  then  removed  by  rubbing 
in  the  same  way  with  a  piece  of  pumice  stone.  Charcoal  is 
aezt  used  with  water,  to  remove  the  scraiches  left  by  the 
pumice  tfUme^  and  the  operatbn  is  finished  with  the  same  sub* 
stance  and  a  little  oil.  Ii  the  piece  of  charcoal,  when  it  is  tried^ 
glide  over  the  surface,  with  little  or  no  effect,  another  piece 
must  be  selected.  Its  fitness  for  the  purpose  may  be  dis- 
tinguished  by  its  making  no  scratches,  yet,  when  wet  and 
nibbed  upon  the  copper,  seeming  rough,  and  making  a  low 
murrouring  noise.  Clockmakers  finish  the  plates  between  whicli 
the  wheels  of  clocks  are  enclosed,  in  a  similar  manner,  except 
that  they  do  not  take  so  much  pains  to  remove  every  scratch^ 
but  obtain  a  high  gloss  by  rubbing  with  colcothar  or  putty  laid 
upon  leather.  A  piece  of  old  hat  makes  a  good  polisher,  as 
does  also  paper  rolled  up  till  it  forms  a  cylinder  of  sufficient 
aise,  when  the  end,  being,  first  cut  straight,  mu«t  be  used.  If 
the  hat,  in  the  dying  of  which  iron  is  employed,  be  immersed  a 
few  minutes  in  sulphuric  add,  the  iron  will  pass  to  the  state  of  red 
oxide,  and  it  then  answers  the  purpose  still  better  than  before. 


96  MBCHANICAL  BXERCISCS. 

TripolL—PoluhinK  ronge."-  Bnniiaber.— Aimeatiag. 

A  upecin  of  the  day  ^renus,  called  tripoli,  or  rotlen  stoae,  is 
orach  uied  to  prepare  metals,  marble  and  glass,  for  reoeivin'T,  after 
thr.  use  of  emerj  or  sand,  the  burliest  polish  of  wbich  thqr  am 
oapable*  It  is  of  a  ydloM^  colour,  tastes  like  common  chalk,  and 
is  riNJirh  or  sandy  bft*«een  the  teeth,  althoufrh  no  sand  can  be 
sppar^ted  ftom  it;  and  its  particles  are  in  fiict  so  £ne  and  soft^ 
as  t4»  leave  no  perceptible  scratches. 

Goldsmiths,  to  ^ive  the  last  polish  to  their  woiIl,  which  thejr 
oomnioniy  call  colourtniir  it,  employ  what  b  termed  polishing 
touge.  This  powdrr  is  said  to  he  a  very  pure  native'  red  oxide 
of  iron.  Sometimes  it  is  ot  a  red  inclining  lo  purple,  and  has 
the  appearance  of  very  fine  colcothar;  but  this  sort  is  of 
mfenor  quality. 

Burnishing  is  too  nearly  allied  to  the  above  methods  of 

{olt&hitig,  lo  rrquire  a  separate  section.  The  burnisher  used 
y  the  makers  of  spurs  and  bits^&c.  is  partly  inra,  partly 
sM,  and  partly  wood.  It  consists  of  an  iron  bar,  vritb  a 
wooden  handle  at  one  end,  and  a  hook  at  the  ether,  to  (asten  it 
to  another  piece  of  wood  held  in  the  vice,  while  the  operator 
is  at  work.  In  the  middle  of  the  bow,  within  side,  is  what  is 
properly  called  the  burnisher,  being  a  triangular  piece  of  stsd 
with  n  tail  whereby  it  is  rivetted  to  the  bow. 

The  iron  ore  called  red  hsmatites,  or  biood«stone,  is  much 
used  for  burnishing  metab,  but  steel  burnishers  are  more  com- 
mon for  this  purpose  than  any  other  sort.  They  are  mueh 
varied  in  shape  according  to  the  fancy  of  the  user,  or  the  work 
fi>r  which  they  areintendol.  The  form  shown  at  fig  8.  pi.  III. 
of  which  fig  9.  is  the  transverse  section,  or  some  near  resena* 
Msnce  of  it,  is  most  fri^quently  adapted.  The  sted  of  which  % 
burnislier  is  made  should  be  in  a  very  hard  state,  eatiiely  ftee 
from  flaws,  and  esquisitdy  polished. 

jimtealiiif. 
In  a  consideimble  number  of  mstances,  bodies  whieh  an 
capable  of  undergoing  ignition,  are  rendersd  hard  and  brittle  by 
sudden  coolinsc*  Glass,  cast  iron,  and  steel,  are  the  rnosl 
leroarkably  aActed  by  this  circumstance;  the  ineonTenienoas 
arising  from  which  are  obviated  by  cooKag  them  very  grad» 
ally,  and  this  process  is  called  annealing.  Glass  vessels  an 
Mrried  into  an  oven  over  the  great  fiimaoe,  called  the  leer, 
where  tlu^y  are  permitted  io  cool,  in  a  greater  or  ten  time,  ao« 
eordiiig  to  their  thickness  and  bulk.  Steel  is  mort  eflisotuaHy 
anne-'iled  by  making  it  red  hot  in  a  chared  fire,  which  must 
completely  cover  it,  and  be  allowed  to  go  out  of  its  own  aooord. 
past  iroib  wlucb  may  sequtre  to  be  anasaled  in  too  Uigea 
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Aiiiiealiiig.^l1ie  •traight-eilfe.— Sqaart. 


qnanlily,  to  render  the  expense  of  charcoal  very  agreeable, 
nay  be  heated  in  a  turf  or  cinder  fire,  which  mubt  completely 
enyelope  and  defend  the  pieces  from  the  air  till  they  are  cold. 
The  fire  need  not  be  urged  so  as  to  produce  more  than  a  red 
heat;  a  little  be}ond  this,  bars  and  tbm  pieces)  would  bend,  if 
destitute  of  a  solid  support ;  and  would  even  be  melted  without 
«ny  vehement  deforce  of  heat.  If  it  be  required  to  anneal  a 
— niber  of  pieces  expeditiouriy,  and  the  fire  is  not  large  enough 
to  take  more  than  one  or  two  of  them  at  once ;  or  if  it  be 
thought  hazardous  to  leave  the  fire  to  itself,  from  an  apprehen- 
sion that  the  heat  might  increase  too  much,  the  tollowing 
scheme  may  be  adoptee! :  heat  as  many  ot  the  pieces  at  once  as 
may  be.  convenient,  and  as  soon  as  they  are  red  hot,  bury  tliem 
hi  dry  saw  dust.  <Jast  iron,  when  annealed,  is  less  liable  to 
warp  by  a  sukeqiient  partial  exposure  to  moderate  degrees  of 
heat,  than  that  which  has  not  undergone  thib  o|)eration. 

The  above  methods  of  annealing  render  cast  iron  easy  i6 
work,  but  do  not  jleprive  it  of  its  natural  character.  Cast 
kon  cutleiy  is  tbererore  stmtified  with  some  substance  containing 
osygen,  bmch  as  poor  iron  ores,  five  from  tmlphur,  and  kept  iu 
a  state  little  shoit  of  fu&ion  fiir  twenty-four  hours.  It  is  then 
fcund  to  possess  a  considerable  degree  of  malleability,  and  is  ndt 
unfit  tor  naib  and  several  sorts  of  edge-tools. 

Copper  forms  a  remarkable  exo^ioo  to  the  ffeneral  rule  of 
annealing.  This  metal  is  actualiy.made  softer  and  more  flexible 
fey  phiBgtnir  it  when  red  hot  into  cold  water,  than  by  any  other 
lueans.    Gradoal  cooling  produces  a  contrary  efiiBct. 

The  Strmgkf*eij^e  and  Square* 

A  sleef  ruler,  made,  by  filing  and  grmding,  perfectly  true^ 
is  calM,  by  mechanics,  a  straight-edge,  and  is  an  instrument 
of  gnat  use  and  value  to  the  workman.  A  straight-edge  is  not 
Made  to  any  fixed  length,  which  must  be  varied  according  to 
the  work  lo  which  it  is  intended  to  be  applied.  Unless  very 
short,  iU  breadth  b  comnonly  from  one  to  two  inches,  and  its 
thickness  should  in  all  cases  be  sufficient  to  suppoit  its  own 
weight.  To  have  this  property,  it  must  be  thicker  than  would 
be  goneraify  supposed.  If  it  tie  made  thirty  inches  long,  it 
abottld  not  be  ma  than  half  an  inch  thick,  and  if  fofty  inches 
long,  its  thirknrss  shrmid  be  five-eighths  of  an  inch.  If  mada 
saaMallT  thinner  of  these  lengths^  it  will  be  found  io  sink  in 
the  middle,  when  snpported  i^  the  ends,  a  fiict  easily  asoeriaiued 
bf  trynig  it  with  the  arris  of  another  straight-edge. 

Inb  instrument  b  not  even  known  by  name,  to  a  great 
■umber  of  provinckd  artisU,  who  might  be  taefited  by  Ms  we. 
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Straiffht  edge,— Sqoare. 

It  should  be  made  of  the  best  ca&t  steel,  and  filed,  inrith  all 
possible  exactness,  ac^reeably  to  the  directions  given  on  thai 
subject.  Three  must  be  made  at  the  same  time,  and  thej  must 
be  ground  with  strict  attention  to  the  general  directions  for' 
that  operation.  If  they  be  true,  in  whatever  manner  they  be^ 
laid  flat  upon  each  other,  no  light  can  pass  between  them. 
Straight-edges  are  commonly  bevelled  on  one  side,  so  as  to 
make  one  edge  considerably  thinner  than  the  other,  in  the  same 
manner  as  common  wooden  rulers  are  generally  made. 

The  use  of  a  straight*edge  in  filing  has  already  been  shown. 
In  turning  it  is  equally  useful,  where  great  accuracy  is  wanted ; 
for  example,  in  turning  a  cylinder,  or  a  cone,  the  application 
of  it  will  instantly  show  the  irregularities  of  the  figure. 

Two  rectangular  prisms^  joined  at  one  of  their  extremities^ 
so  88  to  form  a  right  angle  both  internally  and  externally,  con- 
stitute the  instrument  called  a  square.  See  pi.  III.  fig.  10. 
A  good  square  is  not  often  met  with ;  those  pieces  of  metal  sold 
under  that  name,  by  the  clock  and  watch  tool  makers,  are 
generally  worthless  things,  no  two  of  them  corresponding  with 
each  other.  A  square,  therefore,  fit  to  serve  as  a  guide  in  the 
filing  of  metals,  must  be  the  wdrk  of  the  individual  artist  by 
whom  it  is  required ;  or  at  least  he  must  finish  it, — any  conmon 
workman  will  make  it  true  to  the  fiftieth  part  or  an  inch.  It 
should  be  made  of  good  steel,  and  as  it  is  not  to  be  tempered, 
it  should  be  well  hammered,  so  as  to  be  rendered  stifi*and  ebslic. 
Like  the  6traight<«dge,  also,  it  should  be  filed  with  the  gieatesl 
accuracy,  and  ground  and  polished  on  every  side. 

To  try  whether  the  square  is  accurate  or  not,  lay  it  on  a 
level  plate  of  metal  at  the  least  as  broad  as  itself,  and  twice  its 
length,  provided  also  with  a  ledge  perpendicular  tb  it,  and 
known  to  be  truly  flat.  Against  this  ledge,  so  as  to  reach  to 
about  the  middle  of  it,  press  the  external  edge  of  one  limb  of 
the  sanare.  Hold  it  steadily  there,  and  with  a  graver,  or 
some  nnely  pointed  steel  instrument,  draw  a  line  upon  the  plate, 
as  close  to  the  external  edge  of  the  other  limb  as  possible. 
Now  turn  over  the  square,  so  that  it  shall  lie  on  its  otner  side, 
and  press  the  same  edge  against  the  other  half  of  the  ledge. 
While  thus  pressed  against  the  ledge,  bring  it  up  to  the  line  just 
drawn,  and  narrowly  examine  if  another  line  can  be  made  exactlj 
coincident  with  it.  If  this  can  be  done,  the  square  is  tru^;  if 
it  cannot,  as  soon  as  any  part  of  the  square  touches  the  line, 
draw  another  line ;  an  acute  angle  will  oe  produced,  and  half 
the  breadth  of  this  angle,  'at  any  given  distance  from  the  ledge, 
ibows  the  deviation  of  the  instrument  finom  a  right  angle,  at  the 
same  distance  from  the  same  pomt. 
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Different  methods  of  cutting  screwi. 


Screws  are  cut  principally  by  means  of  screw-plates,  by 
tilocks  or  dies^  and  in  the  lathe.  The  part  lelt  standing 
between  the  spiral  groove  of  a  screw,  is  called  the  thrtad.  The 
pin  by  which  the  spirals  ot  a  screw  nut  are  formed,  is^  called  a 
tap.  When  it  is  cylindrical,  or  of  the  same  diameter  in  eyerj 
part,  it  is  called  a  plug  tap ;  and  when  it  forms  the  portion  of 
a  cone  or  a  pyramid,  it  is  naturally  called  a  taper  tap,  or  as  it 
is  the  most  frequent  form,  it  is  simply  denominated  a  tap.  The 
screw  cut  by  a  tap  is  called  an  inside  or  concave  screw ;  the  tap 
itself,  and  all  such  screws  as  are  or  can  be  formed  by  pktes  or 
dies,  are,  for  necessary  contradistinctiou,  called  outside  or  cortvtx 
screws.  The  scre;HF  pkites  on  sale  at  the  ironmongers*  shops, 
are,  in  effect,  generally  worn  out  before  they  are  used.  In  a 
good  tap,  the  groove  is  sharp  at  the  bottom,  as  the  thread  is  at 
the  lop,  and  in  proportion  as  they  vary  from  this  configuration 
they  may  be  considered  bad.  The  longitudinal  section  of  or- 
dinary taps  and  plated,  instead  of  being  bounded  by  a  zigzag  line, 
and  the  thread  appearing  like  a  series  of  triangles  touching  each 
cvther  at  the  base,  is  bounded  by  an  undulating  line,  and  the 
groove,  though  seldom  perhaps  so  bad  as  to  correspond  with  the 
a^ment  of  a  circle,  very  often  comes  no  nearer  a  triangle  than 
a  portion  of  the  smaller  end  of  an  oval.  Hence  those  who 
lequire  perfect  screws  for  any  piece  of  mechanism,  will  perceive 
ibe  necessity  of  examining  the  taps  and  plates  intended  to  be 
used  in  making  them. 

A  screw-plate  is  a  cheap  apd  handy  instrument  for  making 
icrews ;  but  as  it  cuts  at  once  the  whole  depth  of  the  groove 
which  it  will  make,  it  is  apt,  from  the  force  necessarily  em- 
ployed in  forcing  it  forward,  to  twist  the  pin  upon  which  it 
/operates.  This  is  a  serious  inconvenience,  when  the  pin  has 
been  turned,  and  is  required  to  be  quite  straight.  The  best 
outside  screws  are  therefore  cut  with  what  are  called  stocks  or 
4ies,  of  which  we  have  given  a  plan  in  pi.  III.  fig.  11. 
althcNigh,  like  screw-plates,  they  are  almost  two  well  known  to 
require  notice,  unless  it  be  for  the  purpose  of  laying  before 
those  who  are  unaccustomed  to  such  things,  such  hints  as  may 
enable  them  to  prevent  their  work  from  being  spoiled,  by  the 
ignonnce .  or  carelessness  of  those  whom  they  employ  ibr  ita 
execution.  A  square  frame,  AB,  is  welded  to  two  handles, 
CD,  and  on  the  inside  of  the  opening,  next  each  handle,  is  a 
Iriaogular  projection  to  the  extent  shown  by  the  dotted  lines. 
This  pngectiott  takes  hold  in  a  corresponding  groove  cut  in  two 
of  steel  66,  the  edge  of  one  of  which  is  shown  at  fig.  IS. 
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These  pieces  are  put  in  at  the  part  c,  where  there  is  no  triangular 
projection ;  they  are  then  slipped  down  to  their  proper  p!aoe» 
and  a  piece  of  iron  put  over  tnem^  so  as  to  occupy  a  ^reat  part 
ol  the  space  c.  Upon  this  piece  of  iron  is  pressed  the  and  of 
the  screw  fy  by  which  the  pieces,  bbj  arc  brought  and  kepi  aa 
near  to  each  other  an  may  be  required*  They  are  tiien  tapped,  ao 
that  oiie-liaU  ot  the  couca?e  screw  torined  b  upon  each  ot  them, 
Bctbre  they  are  tempered,  thev  are  often  ground  or  filed  so  aa 
to  niake  the  aperture,  when  they  meet,  less  than  a  circle;  bj 
which  means  they  can  be  used  U>  cut  a  snmller  screw  than  tlie/ 
were  originally  tapped  with.  In  using  them,  the  screw  /,  caa 
be  turn^  back,  ho  that  the  aperture  will  easily  admit  the  pin 
intended  to  be  cut;  thus  is  obtained  the  advantage  of  making 
the  groove  very  shallow  in  the  first  inslanca,  and  of  deepening 
it  gradually  by  turning  further  in  the  screw  f. 

The  bolt  or  pin  intended  to  be  tapped,  either  with  a  seww* 
plate  or  stocks,  is  tapered  in  a  small  d^ree  at  the  extremitji 
previous  to  the  operation.  If  a  screw-plate  be  employed,  it  it 
then  pressed  downwards  upon  it,  with  a  force  proportionata  to 
its  site,  aad  turned,  at  the  same  time,  with  a  progressive  and 
retrogieiaive  motion,  always,  in  advancing,  to  efiisct  the  necat* 
sary  revolution,)  going  over  a  greater  space  than  in  returning* 
Stocks  are  used  with  a  similar  motion,  but  they  are  not  pressed 
downwards  except  at  the  commencement,  before  a  thread  of 
one  revolution  has  been  formed  upon  the  pin.  Screw^platca- 
and  stocks  aie  often  ruined  by  being  used  to  iron  rough  firoas 
the  forge,  and  covered  with  scales,  which,  from  theii  hard^ 
grittv  nature,  grind  away  the  threads. 

As  in  making  outside  screws,  the  pin  is  tapeied  at  the 
extremity,  that  the  operation  may  be  more  readilv  commenced; 
ao,  in  making  inside  sciews.  (which,  when  made  for  sciewiaf 
upon  bolts,  are  called  mils,)  the  Idper  tap  is,  for  the  same  roason, 
used  first,  aad  aAerwaids  wtplua^  tap  to  finish  with. 

The  tap^wrenth  is  simply  a  Kver,  with  a  hole  in  oi  about 
the  middle  of  it,  to  admit  the  rectangular  head  of  the  Im^ 
for  the  purpose  of  turniuff  it  round,  in  the  same  mannet  as  ws 
plate  and  stocks  are  turned. 

The  taps  used  to  cast  ivan  are  made  sqpuue;  for  brass  th^f 
are  sometimes  square  and  sometiases  triangular.  As  with  these 
shapcsthethiead  can  only  be  en  caeh  anria,  they  clear  their  wujf 
belter;  and  there  is  room  in  the  h<de  for  the  particles  which  aaa 
lapidly  cut  from  thene  mctala;  and  to  dear  away  which,  if 
this  provisfon  were  not  made,  the  tap  must  vrrv  mqurntly  be 
drawnout ;  or  it  will  be  broken  by  the  fosceai^pUsd  to  owsrcoaaa 
the  aocuanlated  ohstmetiou  t»  ila  piigiM.    Tiafm  laps  for 
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Fropetltes  of  copper. 

«aialkAbie  iron  are  frequently  squared;  but  plug  taps  for  the 
same  metal  are  only  channelled,  in  the  direction  of  their  length, 
in  t^o  or  three  places,  so  as  to  take  out  the  thread  where  the 
"grooyes  are  made. 

The  method  of  cutting  screws  in  the  lathe,  will  be  found  in 
the  section  on  Turnii^. 

Capper. 

We  refer  to  the  article  of  chemistry,  for  a  minute  enumera- 
tion of  the  whole  of  the  known  metals;  but  in  this  place  we 
ahall,  with  the  exception  of  iron,  which  has  already  been  noticed 
father  at  length,  introduce  a  general  practical  yiew  of  the 
properties,  applications,  and  combinations  with  each  other,  of 
those  most  frequently  occurring  in  common  arts  and  common 
life.  Making  this  our  plan,  the  first  object  claiming  our  atten* 
tkm  is  copper. 

«  Copper  is  a  yery  brilliant,  sonorous  metal,  of  a  fine  red 
colour,  possessing  a  considerable  degree  of  hardness  and  efaisti- 
•city.  It  is  extremely  malleable,  and  may  be  reduced  to  leaVes 
so  fine,  that  they  may  be  carried  about  by  the  wind.  Its 
tenacity  is  yery  great.  A  wire  of  one-tenth  of  an  inch  in 
diameter,  will  support  a  weight  equal  to  HOOlbs.  ayoirdupoise 
without  breaking.  It  does  not  melt  till  the  temperature  is  ele- 
yated  to  about  H^  Wedgwood,  or  (by  estimation)  1450''  Fah^ 
renheit.  When  rapidly  cooled,  it  exhibits  a  granulated  and 
jporous  texture.  When  the  temperature  is  raised  beyond  what 
18  necessary  for  its  fusion,  it  is  sublimed  in  the  form  of  yisible 
fumes.  None  of  the  malleable  metals  is  so  difficult  to  file  or 
turn  smooth  as  copper;  but  it  is  cut  by  the  grayer,  or  ground 
by  gritty  substances,  with  great  ease. 

When  miners  wish  to  know  whether  an  ore  contains  copper, 
tiiey  drop  a  little  nitric  acid  upon  it;  after  a  little  time,  they 
dm  a  leather  into  the  acid,  and  wipe  it  oyer  the  polished  blade 
of^a  knife;  if  there  be  the  smallest  quantity  of  copper  in  it, 
this  metal  will,  be  precipitated  upon  the  knife,  to  which  it  will 
impart  its  peculiar  colour.  —  Roman  yitriol,  much  used  by 
dyers,  and  in  many  of  the  arts,  is  a  sulphate  of  copper.  A 
anution  of  thb  salt  is  used  for  browning  fowling-pieces  and 
Ica-ums. 

In  domestic  economy,  the  necessity  of  keeping  copper 
perfectly  clean,  cannot  be  too  strongly  inculcated ;  but 
k  is  worthy  of  remark,  that  fat  and  oily  substances,  and 
yi^geteUe  acids,  do  not  attack  copper  while  hot ;  and  therefore 
emper'Tesseb  may  be  used,  for  culinary  pnrpost*8,  with  perfect 
son,  if  no  liquor  be  eyer  suflfered  to  grow. cold  in  them.  The 
9.  Vol..  I.  G 
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mere  tinning  of  copper  and  bivts  veneb  does  nol  afibid 
l^ete  securi^.    The  tinning  is  never  so  perfiect  as  to  cover  everjr 
part  of  tbem* 

Compounds  formed  by  the  mixture  of  two  or  more  difleieat 
metals,  are  called  alloys.  The  alloys  of  copper,  especially 
those  in  which  this  metal  predominates,  are  raoie  anmeroas  and 
important  in  the  arts  than  those  of  anv  other  meti^l.  Many 
of  them  are  perfectly  well  known,  and  have  been  immemorially 
in  uae.  The  eacact  composition,  and  paiticniarly  the  mode  of 
preparing  several,  are  kqit  as  secret  as  possible.  By  the  aid  iif 
chemistry,  we  may  detect  the  precise  composition  <tf  an  alloy; 
yet  we  may  not  always  be  able,  dv  common  methods,  to  prodaoe 
m  roizlare  havinr  all  the  excellencies,  which,  perhajps,  meie 
accident  has  taught  the  possessor  of  the  secret  to  combme. 

Brass  is  the  most  important  of  all  the  alloys  of  a^>per.  It  i» 
more  fusible  than  copper,  less  liable  to  tarnish  from  exposure  to 
the  atmosphere,  and  ill  fine  yellow  colour  is  more  ameaUe  to 
the  eye.  It  is  much  more  malleable  than  copper  when  cold; 
Sieves  of  extreme  fineness  are  woven  with  brass  wire,  after  the 
manner  of  cambric  weaving,  which  could  not  possibly  be  made 
with  copper  wire.  Three  parts  of  copper  and  one  of  calaminB, 
or  native  carbonate  of  zinc,  constitute  brass.  The  calamine  is 
first  pounded  in  astampioff  mill,  and  then  washed  and  sifted,  in 
ovder  to  separate  the  lead  with  which  it  is  mixed.  It  is  then 
calcined  on  a  broad,  shallow,  brick  hearth,  over  an  oven 
heated  to  redness,  ana  ftequentiy  stirred  for  some  hoofs.  In 
some  places,  it  is  calcined  in  a  kind  of  kiln,  filled  vrith  aMemale 
laven  of  calamine  and  charcoal,  and  kindled  from  the  bottom^ 
where  a  sufficient  quantity  of  wood  has  been  deposiled  far  the 

£urpose.  When  the  calamine  has  been  thoroughly  calcined,  it 
ground  in  a  mill,  and  mixed  at  the  same  time  with  a  third  or 
a  fourth  part  of  charcoal,  and  is  then  ready  for  the  bnm 
furnace.  Being  put  into  crucibles  with  the  requisite  propoiiaon 
of  grain  copper,  copper  clippings,  or  refuse  bits  of  varions 
kinds,  the  whole  is  coveted  with  charcoal,  and  the  ernciMss 
luted  up  with  a  mixture  of  clay  or  loam  and  horse  dus^«  Ite 
licat  employed,  is,  far  a  consimnable  time,  not  aufideot  to  nielt 
lltt  copper,  which  it  is  at  length  laiaed  so  as  to  fuse,  and  Ike 
compound  metal  is  then  run  into  ingots. 

In  aeneml,  the  exticmes  of  tiie  behest  and  lowest  psopof^ 
tion  of  sine  are  from  twdve  to  twenty-five  per  cent,  of  tke 
brass.  Even  with  so  much  as  twenty<live  pv  cent,  of  mno, 
brass  is  perfecdy  malleable,  if  well  manufiMtured,  though  ibbc 
Itself  scaicely  yields  to  the  hammer  at  common  tcsnpotaluaia . 

Good  bnsS)  when  rsoeived  finm  the  finusdaijri  is  wmfAf 
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Pinchbeck — ^TMibM.— Friace^  «elaL<-»Bff»iiie.*-Bell-meUl. 


y  but  eKoeedingly  flexible,  and  when  polbhed^  tbe  naked 
ffe  cauot  diaoover  any  pofes,  which  are  frequently  oU^vable 
Mt  the  tatafli  made  in  the  oonntry.  The  lihenu  use  of  the  bam* 
mec  infasta  a  oonsiderabk  poftien  of  ehttticity  to  btam,  and 
NBdeia  It  at  theaame  time  lem  flexible.  Clocfc-makera^  wfttchr 
maheiBy  andall  artiitB  who  employ  thia  metal,  in  forma  tW 
adflut  of  the  cyeration,  hammer  it  well  bdore  they  turn  or  file 
it,  otherwise  their  work  would  wear  indiflleiently,  and  a 
cauae  iiqure  ita  flguae.    Braes  is  not  malleable  when  ignited* 

Hammerin^^  is  found  to  give  a  magnetic  property  to  brass, 
perhaps  occasioned  by  the  minute  particles  of  iron  separated 
woin  the  hasamer  and  the  anvil  daring  the  prooess,  and  fivced 
into  ita  anrfiMse;  but  this  circumstance  maxes  it  neoessary  to 
employ  onhammeied  brass  for  oompass  boxes  and  similae 
qiparatns. 

Fi^a  or  six  parts  of  copper  and  one  of  sine,  ibrm  pinch« 
hadL  Tombac  haa  still  more  copper,  and  is  of  a  deeper  red 
tlmn  pinchbeck.  Princes'  metal  is  a  similar  compound,  except* 
jog  that  it  contains  more  cine  than  either  of  the  tormer. 

The  alloys  of- copper  with  diflerent  proportions  of  tin,  are 
of  gicnt  importance  m  the  arts.  They  form  compounds  which 
have  distinct  and  appropriate  uses.  .  Tin  renders  copper  moia 
fiMble,  less  liaUe  to  rust,  harder,  denser,  and  more  sonorous. 
Gofiper  and  tin  separately,  are  not  more  remarkable  for  their 
ductility,  than,  when  united,  tbe  compounds  they  form  are  £n 
their  bnttleness. 

Eight  to  twelve  parts  of  tin,  combined  with  one  hundred 
parts  of  copper,  form  bronze,  which  is  of  a  gieyish  yellow 
coloor,  harder  than  copper,  and  the  usual  composition  far 
aiataws*  The  customary  pn^rUons  for  bellnaetal  are,  three 
parte  ef  copper  and  one  oi  tin.  The  greater  part  of  the  tin 
be  separated  by  melting  the  alloy,  and  then  throwing  a 
water  upon  it.  The  tin  decomposes  the  water,  is  oxidia^ 
ed,  and  thrown  upon  the  surfiice.  The  proportion  of  tin  in 
bellHDDetal  is  varied  a  little  at  difiiMent  founderies,  and.  fof 
dtflbirat  sorts  of  bdis.  Less  tin  is  used  for  church  bells  than 
okxsk  bells;  and  in  veiy  small  bells,  a  trifling  quantity  of  sine  is 
need,  which  renders  the  composition  more  sonorous,  and  it  ia 
still  further  improved,  in  this  respect,  by  the  addition  of  a 
little  silver.  A  small  quantity  of  antimony  is  occasionally 
fiMad  in  bell  metal.  When  copper,  brass^  and  tin  are  used  to 
isrm  bell  metal,  tbe  copper  is  from  sevealy  to  eighty  per  cent* 
inoladin^  the  proportion  contained  in  the  brass,  sina  tbe  ro« 
andnder  » tin  and  ainc*  When  tin  is  nearly  one-third  of  the 
allay,  it  is  then  ImratiliiUy  white^  with  a  lustre  almost  like 
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The  foUowioff  nelluxl  of  tinniag  is  highly  eitoencd  for  ite 
permanfncy  and  beauty:  the  utensil  is  cleaiied  in  the  nsaal- 
aMilaer ;  its  iaaer  snrfiioe  it  beaten  on  a  icng h  anril,  or  acnitch* 
ad  with  a  wire  brush,  that  the  tinning  maj  adhere  more  dosdy 
lothe  copper;  and  one  coat  of  pare  tin  is  then  laid  on  with  sal 
aounoniac,  as  above  directed  ton  tinning  old  copfet.  A  second' 
coat,  consisting  of  two  parts  of  tin  and  three  of  tine,  most  nezfe 
be  nnifiDrmly  applied  with  sal  ammonuu;,  in  a  similar  manner: 
Uie  sarfiice  b  now  to  be  beaten ;  scoured  with  chalk  and  water; 
anoothed  with  a  proper  hammer;  exposed  to  a  moderate  heal; 
and  fawtiy  dipped  in  melted  tin.  This  sort  of  tinning  effiBCtoallr 
preTents  the  Dtaisibi  from  rusting.  ^ 

Pins  are  whitened  by  filling  a  pan  with  alternate  layers  of 
them  and  grain  tin;  a  solution  of  8aper<4artrit  of  potass 
(cream  of  tartar)  is  then  poured  upon  them,  and  they  are  boiled* 
for  fear  or  fiye  hours.  The  tartaric  acid  fint  dissolves  the  tta, 
and  then  gradually  deposits  it  on  the  sorftce  of  the  pina,  iftt 
consequence  of  its  greater  affinity  for  the  zinc  which  enters  int0 
the  coropoaition  of  the  brass  wire. 

There  are  two  kinds  of  tin  known  in  commeroey  viz.  Uodb 
tin  and  gtmn  tin.  Block  tin  is  procured  from  the  oomoaon  tin; 
•le;  grain  tin  is  found  in  smau  particles,  in  what  is  called 
stream  tin  ore.  It  owes  its  superiority,  not  only  to  the  purify  of 
the  ore,  but  to  the  care  with  which  it  is  washed  and  renned. 

'   Of  Lead. 

Lead  unites  with  oMMt  of  the  metals.  It  has  little  elaslioilyf 
and  is  the  aoflest  of  them  all.  Gkdd  and  silver  are  dissolved  br 
it  in  a  slight  red  heat,  but  when  the  heat  is.  much  increasedL 
the  lead  separates,  and  rises  to  the  soiface  c^  gold,  combineil 
with  all  heterogeneous  roatters*  This  propertv  of  lead  is  aado 
ese  of  in  the  art  of  refining  the  precious  metals. 

if  lead  be  heated  so  as  to  boil  and  smoke,  it  soon  dissolvei 
nieees  of  copper  thrown  into  it;  the  miztnie,  when  cold,  is 
tritile.  The  union  of  these  two  metab  is  remarkably  sUghl/ 
fin*  upon  cspoiing  the  mass  to  a  heat  no  greater  than  that  in 
which  lead  melts,  the  lead  almoat  entirely  rune  off  by  itself. 
This  process,  which  is  peculiar  to  lead  with  copper,  is  called 
aliquation.  It  has  hMjr  been  discovered,  that  a  certain  pnipor«* 
tion  of  lead  may  be  mixed  with  the  metal  fiMrmetly  used  for 
white  metal  buttons,  without  injuring  the  appearance;  tkna 
afiMrding  a  eonsidesable  addition  of  pK&  to  the  manufiictnrsr>  • 

The  consumption  of  lead  for  water  pipos«  cisterns,  and  ta 
cover  boildinas,  is  very  extensive.  Sheet  lead  is  aaade  by  sn£> 
fisting  the  melted  metal  to  ran  out  of  a  bos  throng  a  loaf 
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horisontftl  slity  upon  a  table  prepared  for  the  purpose.  The 
iaUe  is  generally  covered  with  sand,  and  the  box  is  drawn  oyer 
it  b^  appropriate  ropes  and  pnllejrs,  leaving  the  melted  lead 
behind  to  congeal  in  the  desired  form.  The  requisite  nniformitj 
and  thinness  are  giren  to  these  sheets,  by  rolling  them  between 
two  cylinders  of  iron  acting  upon  the  same  principle  as  the 
ODpjMr*ptaite  printing  press. 

The  alloy  of  lead  and  antimony  is  used  for  printers'  types^ 
Chaptal  made  a  great  variety  of  experiments  to  ascertain 
the  best  proportions  of  these  metals  io  each  other  for  this 
ose.  He  always  found  four  parts  of  lead  to  one  of  antimo* 
ny  form  the  most  perfect  composition.  But  if  the  antimony  be 
pure,  one  part  of  it,  to  seven  or  eif  ht  of  lead,  form  an  alloy 
too  brittle  to  be  extmded  under  tlie  hammer,  and  as  hard  as  the 
generality  of  types.  To  give  hardness  to  the  lead,  is  not  the 
only  use  of  antimony  in  tins  composition.  It  renders  the  lead 
more  Aisible,  more  fluid  when  melted,  and  as  it  expands  in 
msring  to  a  solid  state,  it  is  calculated  to  produce  a  sharper 
unpressbn  of  the  mould,  than  could  be  easily  obtained  by  lend 
•lone.  Antimony  (which  in  trade  is  commonly  called  regulus 
of  antimony,  or  regulus  only)  requires,  when  alone,  much  more 
heat  for  its  fusion  tnan  lead,  in  combining  with  which  nielal,  as 
it  is  little  mole  than  half  its  weight,  it  rises  to  the  surfece,  and 
requites  to  be  well  stirred  before  it  will  incorporate.  Dilferent 
parts  of  the  same  block  of  type-metal,  often  possess  very  differ* 
est  degrees  of  hardness.  Stereotype  plates  are  almost  always 
harder  on  the  {kb  than  on  the  back. 

The  miethod  of  granulating  lead  in  the  making  of  small  shot, 
onrions.  In  melting  the  laid,  a  small  quantity  of  arsenic  is 
1,  which  disposes  it  to  run  into  spherical  drops.  When 
flsdled*  it  is  poured  into  a  cylinder,  whose  circumference  is 
pictced  with  boles.  The  lead  streaming  through  the  holes,  soon 
divides  into  drops,  which  fall  into  water,  wli^e  they  congeal* 
They  mwt  not  all  spfaierical ;  therefore  those  that  are  so,  must  be 
smiatrd,  which  is  done  l^  an  ingenious  cm^rivance.  The 
Wliolo  aro  silled  on  the  upper  end  >of  a  long,  smooth,  inclined 
vluie.  and  tfaegnnns  roll  dqwn  to  the  lower  end.  But  the  pear* 
ttke  skape  «f  the  bad  grains  makes  them  roll  down  irr^lariy , 
and  th^  waddle  as  it  were  to  a  side,  while  the  spherical  ones 
roH  sfiMght  on,  mad  aro  afterwards  sorted  into  sises  by  sieves. 
The  flamnfieutoreni  of  the  patent  shot  have  fixed  their  furnace, 
far  fliritiajg  the  metal,  at  the  top  of  a  tower  one  hundved  feet 
Mgh,  aaNl  obtain  a  much  greater  quantity  of  spherical  grains^ 
Int  istting  the  lead  fidl  into  the  water  from  this  heirht,  as  the 
SMtss^ndosfly  cooled  before^  it  reaches  the  water.    The  arsenie 
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18  generally  added  in  excess  to  a  small  quantity  of  lead,  which 
b  coyered  and  closely  luted  till  the  incorporation  is  complete. 
The  compound  is  called  sla^r  or  poisoned  metal.  Ingots  ot  this 
slag  aie  then  added  to  soft  pig  lead,  in  such  proportion  as  is 
found  upon  trial  to  cause  it  to  drop  in  a  globular  form.  The 
smaller  the  shot,  the  less  the  height  from  which  it  requires  to  be 
dropped.  The  smallest  kind  need  not  fall  from  an  elevation  of 
more  than  eight  or  ten  feet.  If  the  lead,  at  the  time  of  casting, 
be  too  hot,  the  shot  will  be  apt  to  crack ;  and  if  it  be  too  cola, 
it  will  stop  up  the  holes  in  the  cylinder.  Instead  of  the  cylin- 
der, a  plate  of  copper,  about  the  size  of  a  trencher,  is  used  in 
the  making  of  small  quantities,  with  a  hollowness  in  the 
middle,  about  three  incht*s  compass,  pierced  with  thirty  or  forty 
holes,  according  Co  the  size  of  the  shot  wanted.  The  part  con* 
faining  the  holes  may  be  thin,  but  the  thicker  the  brim  the 
better  it  will  retain  the  heat. 

.  The  surface  of  melted  leatl,  as  every  one  knows,  becomes 
quickly  covered  with  a  skin  or  pellicle,  often  assuming  diflferent 
lively  hues  at  first,  and  subsequently  increasing  in  quantity  and 
darkness  of  colour.  This  effect,  termed  bv  chemists  oxida* 
tion,  as  it  is  occasioned  by  the  action  of  the  oxygen  of  the 
atmosphere,  the  activity  of  which  is  greater  in  proportion  to  the 
heat  of  the  lead,  wastes  the  metal  so  fast,  that  it  becomes  an 
object  of  importance  to  those  who  melt  much  lead,  to  check  its 
formation,  or  to  convert  it,  when  formed,  by  the  cheapest 
process,  into  the  metallic  state  again.  A  thick  coating  of  ashes 
of  any  kind,  will  check  the  formation  of  the  oxide,  and  may 
be  easily  pushed  back,  when  a  qiiantitv  of  lead  must  be  taken 
out  of  the  crucible  or  melting  pan.  Charcoal,  which  is  also  a 
good  covering  for  lead  in  the  pan,  will  convert  dross  into  metal, 
when  assisted  by  a  sufficient  heat ;  fat,  oily,  and  bituminous 
substances  in  general,  have  a  similar  effisct.  Common  resin 
answers  exceetUngly  well ;  thrown  in  powder  upon  melted  lead, 
and  stirred  about,  it  immediately  converts  the  oxide  into  metal, 
causes  the  surfiice  to  shine  like  mercury,  and  if  any  thing 
remains,  it  b  only  a  bbck  dirt,  containing  little  or  no  lead. 
But  in  taking  off  this  dirt,  snuill  globules  of  pure  leady 
skimmed  off  at  the  same  time,  get  mixed  with  it ;  by  thiowtng 
it  into  water,  stirring  it  thoroughly,  and  pouring,  off  all  that 
does  not  immediate^  sink,  these  grains  may  be  separated. 
If  part  of  what  has  appeared  to  be  dirt,  is  found  to  be  so  heavy 
as  instantly  to  sink  to  the  bottom  of  water,  it  may  be  suspected 
to  be  true  dross  or  oxide,  and  may  be  revived  by  mixing  it  with 
charcoal,  and  exposing  it  to  a  considerable  hei^  It  is  always, 
however,   more  pnidnt  and   econonucal,  to  use  means   of 
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preventing  tlie  formation  of  oxide,  than  to  bestow  much  time 
upon  ita  revival. 

Lead  becomes  less  fluid  every  time  it  is  melted,  and  by 
much  or  frequent  exposure  to  a  bi^h  temperature,  a  state  in 
which  it  is  said  to  be  rotten,  is  supermduoed.  To  use  new  lead^ 
and  not  to  melt  it  oftener,  or  expose  it  to  a  fi^eater  beat  than  is 
indispensable,  are  necessary  precautions  to  preserve  this  metal 
in  its  best  state.  Plumbers,  when  they  cast  it  into  sheets,  strew 
common  salt  upon  the  table,  to  facilitate  its  spreading,  when  they 
are  not  using  new  lead,  and  are  tor  that,  or  any  other  reason, 
apprehensive  that  it  will  not  run  well. 

The  observations  above  recited  on  the  management  of  lead^ 
apply,  with  equal  propriety,  to  tin,  antimony,  ainc,  bismuth^ 
&c.  and  all  the  alloys  of  these  metals  with  lead  or  each  other* 
In  fiict,  as  lead  is  so  much  cheaper  than  the  other  metals  just 
enumerated,  the  object  of  saving  it  from  destruction  is  propor* 
4iottately  of  less  consequence. 

Of  Zinc. 

Zinc  is  a  very  combustible  metal,  of  a  bluish  brilliant  white 
colour.  It  seems  to  form  the  link  between  the  brittle  and  malle- 
able metals.  It  is  a  modem  discovery,  that,  at  a  temperature  of 
from  210^  to  300^  of  Fahrenheit,  it  yields  to  the  hammer,  may 
be  drawn  into  wire,  or  extended  into  sheets.  After  having 
been  thus  annealed,  it  continues  soft,  flexible,  and  extensible, 
and  does  not  return  to  its  partial  britUeness;  thus  admitting  €» 
being  applied  to  many  uses  for  which  zinc  was  formerly  deemed 
unfit,  nobson  and  Sylvester,  of  Sheffield,  have  taken  out  a 
patent,  securing  to  themselves  the  benefits  accruing  from  the 
application  of  this  discovery  to  the  arts. 

There  can  now  be  no  difficulty  in  forming  zinc  into  sheathing 
for  the  bottoms  of  ships,  into  vessels  of  capacitjr ,  water-pipes, 
smd  ulensib  tx  various  nutnufactories.  As  an  internal  lining 
for  culinary  vessels,  instead  of  tin,  it  has  already  been  applied. 
li  is  much  harder  than  tin,  and  may  be  spread  very  uniformly. 

Zinc,  at  a  very  elevated  temperature,  may  be  pulverized. 
li  may  idso,  like  several  other  metals,  be  minutely  aivided,  by 
peurii^  iiy  when  in  fusion,  into  water.  These  are  the  most 
convenient  means  of  reducing  it  into  small  particles.  Files 
liave  no  considerable  action  upon  it;  besides,  it  weara  and 
chokes  them  up  in  a  short  time.  Zinc,  in  filings  or  small  par** 
ticies,  is  used  to  produce  those  brilliant  stars  and  spangles  wnich 
ase  seen  in  the  best  artificial  fire-works ;  but  the  filings  of  cast 
iiOiiproduce  an  efiiBct  scarcely  inferior. 

CUaminc,  or  lapis  d^laaunaris,  used  in  converting  capp^ 
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into  brass,  is  found  both  in  masses  and  in  a  crystalliced  state, 
and  is  generally  combined  with  a  large  portion  of  silex.  It  is 
a  native  oxide  of  zinc,  combined  with  carbonic  acid.  Zinc  is 
also  found  in  an  ore  called  hiemlfy  or,  as  the  minei^  term  it, 
Black  Jack.  It  is  a  sulphuret  of  zinc;  in  Wales  it  was  em- 
ployed till  lately  for  mending  the  roads. 

Soldtring. 

To  unite  two  pieces  of  the  same  or  of  diflerent  metals,  by 
fusing  some  metallic  substance  upon  them,  is  called  soldering. 

It  is  a  general  rule,  that  the  solder  should  be  easier  of  fusion 
than  the  metal  to  be  soldered  by  it.  It  is,  in  the  next  place, 
desimble,  though  seldom  absolutely  necessary,  nor  always 
attempted,  that  (he  solder  and  the  metal  to  which  it  is  intended 
to  be  applied,  should  be  of  the  same  colour,  and  of  the  same 
degree  of  hardness  and  malleability. 

Solders  are  distinguished  into  two  principal  classes,  viz.  the 
hard  and  the  soft  soMers.  For  the  hard  solders,  which  are 
ductile,  and  admit  of  beins^  hammered,  some  of  the  same  sort 
of  metal  as  that  to  be  soMered,  is,  in  the  greater  number  of 
instances,  alloyed  with  some  other  which  increases  its  fusibility. 
Some  of  the  facts  already  detailed,  respecting  the  metals,  prove 
that  the  addition  made  with  this  view  need  not  always  be  itself 
easier  of  fusion. 

The  solder  for  platina  is  gold,  and  the  expense  of  it  will, 
therefore,  contribute  to  hinder  the  general  use  of  platina 
vessels,  even  in  chemical  experiments. 

The  hard  solder  for  gold,  is  composed  of  gold  and  silver; 
gold  and  copper;  or  gold,  silver,  auil  copper.  Goldsmiths 
usually  make  four  kinds ;  viz.  solder  of  eight,  in  which,  to 
seven  parts  of  sdver,  there  is  one  of  bniss  or  copper;  solder  of 
six,  where  only  a  sixth  part  is  copi>cr;  solder  of  four,  and 
solrler  of  three.  But  many  who  may  nave  occasionally  to  solder 
gold,  cannot  encumber  themselves  with  these  varieties.  For 
l^neral  purposes,  therefore,  the  following  composition  may  be 
providea :  melt  two  parts  of  gold,  with  one  of  silver  and  one  of 
copper;  stir  the  mass  well  to  make  it  uniform,  add  a  little  borax 
in  powder,  and  pour  it  out  immediately.  If  cast  into  very  thin 
narrow  slips,  it  will  be  the  more  hamly  for  subsequent  use.  To 
cleanse  gold  which  has  been  soldered,  heat  it  almost  to  ignition, 
let  it  cool,  and  then  boil  it  in  urine  and  sal  ammoniac. 

The  hard  solder  for  silver  may  be  prepared  by  melting  two 
parts  of  silver  with  one  of  brass.  It  must  not  be  kept  iMg  in 
fusion,  lest  the  zinc  of  the  brass  fly  off  in  fumes.  If  the  silver 
to  be  soldeiedi  be  alloyed  with  much  copper,  the  proportion  of 
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brass  may  be  increased;  for  example,  the  follovrinfl^  composition 
may  be  used;  four  parts  of  silver  and  three  of  brass,  rendered 
easier  of  fqsion  by  the  additioa  of  a  sixteenth  part  of  zinc. 
Silver  which  baa  l)een  soldered,  may  be  cle»ned  by  beating  it, 
and  letting  i4  cool,  as  directed  for  gold,  but  it  must  be  boil^  in 
alum  water. 

The  hard  solder  for  copper,  is  a  sof),  fusible  sort  of  granu^ 
lated  brass,  well  known  io  artists  under  the  name  of  spelter. 
It  consists  of  brass  mixed  with  an  eighth,  a  sixth,  or  even 
one^alf  of  zinc.  The  brazier's  use  no  other  kind  of  hard 
solder,  and  it  is  commonly  sold  by  them.  As  spelter  melts 
sooner  than  common  brass,  it  serves  for  the  solder  of  the  latter 
as  well  as  for  copper.  Standard  silver  makes  an  excellent  solder 
for  brass.  It  is  more  fusible  than  spelter,  proportionately  easier 
to  manage,  and  equally  as  durable.  A  slight  demand  for 
silver  solder  may,  to  many,  be  supplied  at  an  easy  rate,  in 
consequence  of  the  number  of  small  silver  articles  in  common 
use,  and  which  are  frequently  wearing  out;  no  one  need  to  be  at 
a  loss  for  it,  while  they  can  provide  themselves  with  a  worn* 
oat  silver  thimble  or  toothpick. 

Iron  may  be  soldered  with  copper,  brass,  gold,  or  silver. 
Brass  or  spelter  is  most  commonly  used,  and  the  operation  is 
then  called  brazing;  but  a  carburet  of  the  same  metal,  viz. 
the  dark  grey  or  most  fusible  sort  of  pig  iron,  called  No.  1.  is 
the  most  durable  solder  that  can  be  usccT.  The  pig  iron  loses 
fiomc  of  its  brittleness,  and  the  malleable  metal  becomes  harder 
in  the  proximity  of  the  parts  soldered. 

The  parts  upon  which  hard  solder  is  intended  to  operatq, 
are  touched  with  finely  powdered  borax  moistened  with  water. 
They  roust  also,  as  in  all  soldering  and  tinning  operations,  be 
perfectly  clean.  The  borax,  quickly  running  into  a  kind  of 
glass,  promotes  the  fusion  of  the  solder,  and  preserves  the  sur- 
faces to  which  it  is  applied  from  oxidation.  The  pieces  intend- 
ed  to  be  soldered,  are  fastened  totsether  with  iron  wire,  or  se- 
cured by  some  contrivance  to  the  same  effect.  Spelter  being 
conposed  of  so  many  grains,  is  apt  to  spread  when  the  borax 
boils  up;  but  just  as  it  becomes  tiised,  the  workmen  bring  it 
io  the  place  where  it  is  wanteds  by  a  slender  iron  rod.  The 
flame  of  a  lamp,  directed  by  the  blow-pipe  agtinst  the  solder 
covering  the  int^ded  joint,  which  must  be  laid  upon  charcoal, 
is  sufficient  for  small  things.  For  large  work,  a  common  culi- 
nary fire  may  be  made  to  effect  the  drsired  fusion,  though 
a  forge  is  still  more  convenient.  The  fire  should  not  touch  thf 
work,  nor  the  ashes  be  allowed  to  fall  upon  it. 
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AoMer  for  Im4— ttal*  Ane  braM  i*»rk. 


{ 


Tiles  ioft  Hildrrs  melt  essily.  but  arr  partly  brittle,  and 
tben^tom  canniit  U^  hammereil.  The  solder  for  lead  is  asuall^ 
cmkpimtd  of  two  parti  lead  and  one  of  tin.  Its  goodne»  is 
tricii  by  meltiii|r  il|  ami  pcmrtng  about  thesiie  of  a  crown  piece 
upon  a  tablei  little,  sinning  blars  will  arise  upon  it  if  it  be 

Eo<kI.  By  diminishing  the  propoition  of  lead,  we  form  what 
\  oallod  strong  solder  i  we  mav  also  increase  the  proportion, 
whit  b  is  advisable  when  we  wish  to  solder  ▼essek  for  containing 
acids  (  beranse  lead  is  not  so  easily  coiroded  or  dissolved  as  tin. 
Tlie  meUl  with  which  tea*i  bests  are  lined,  familiarly  called 
-/r#i//,  is  an  NUoy  principally  composed  of  lead  and  tin.  It 
^  ^eMemlly  stild  nt  so  Ion  a  rate,  that  it  h  bought  l^  roanuftc* 
lurers  who  require  alloys  of  lead,  as  a  cheap  method  of  obtain- 
ing Ihttt  metal  nirrady  somewhat  enriched.  In  some  of  it,  the 
uio|MHllon  of  tin  is  very  small;  other  parcels  contain  so  mneh 
lui  llml  Ihi'y  niuke  excellent  soUler  for  leod  without  any  further 
adiiilstute.  No  solder  t  an  lie  obtained  at  so  low  a  price  as  this. 
I'lhsn  vHlualile  poll  Ions  of  t«a«lr«d  may  be  distin^cuishcd  by 
thi'lt  Inlllitinry,  haviiiir  sntlvml  little  from  onidation;  also» 
wluMi  tlii'v  |iilitrlimllv  iHin^iM  of  tin«  by  that  cnckliog  noise 
while  liHiilhiifi  whit  h  is  |)ei  uliar  to  thb  mHal  and  some  of  the 
alloM  liMii  ^lihh  II  loathly  enters.  We  may  obaerve,  in 
pMMiMHi  IIihI  tea-leHd,  when  mixixl  with  antimony,  genenlly 
|MMi1iMis  a  vnnipoiiml  ot  hfw  tirmness  when  cold,  and  whn 
iiiiIimI,  of  Us  tlMi«lM>,  than  if  pur^  new  lead  had  bera  used. 
It  is  not  tnipiohable,  that  when  mannfodnied  into  sheets,  it  is 
iKtM^ioimllv  upoihil  b>  tiH^miK^h  heat, 

Tiie  Mililei  iiir  tin  ina>'  t^nutisl  t4^  four  paite  pewter,  one  of 
tin,  and  one  of'  l^ninnth* 

The*  stildrhng  mm  ot  the  tin*|>lale  weritera,  is  an  inf^of  cop* 
prf,  Haiteoed  at  the  pi^nt,  in  a  pviamitlical  form;  it  is  aciewed 
or  rivetted  to  an  iron  stalk  dnvea  Into  a  woodn  handle.  The 
ooppar  IS  seldom  more  than  Kmr  or  ti\^  inches  hmstv  Md  when 
it  u  worn  away,  the  sawie  stalk  and  hamlle  am  used  for  anothor 
pseoe.    The  dipper,  whf«i  sntKeiMitW  heaKd^  wUI  melt  and  takn 


is  nsed  akmg  with  the  90A  soklm,  lo  pitMVW 

fiii^irf  tfrom  nudaiion. 

Tin-kMl,  a|iplied  between  the  >wnls  of  Am  hms  wtwk.  timl 

tt«i  vnh  a  itfong  aolnuon  of  sal  ammoniac^  and  heW  irmly 

-Snr  while  bemad,  makes  an  emeUMi  juMlWN  caia  being 

l<»w«id  Inn  much 


MECnANICAI«  SXEKCI8E8.  5S 

Desrriptioii  of  the  Ibot  lathe. 


Turning  is  an  art  mtivensally  admired ;  the  simplicity  of  the 
operation,  the  facility  with  which  precision  in  performing  it  is 
aKained,  the  agreeable  exercise  it  aflbrds  to  the  mind,  the 
beauty  and  utility  of  its  products,  have  drawn,  for  the  amuse- 
ment  of  a  leisure  hour,  as  well  as  far  objects  of  real  importance^ 
men  of  all  ranks  into  the  number  of  its  practisers.  It  is  an  art 
of  gmt  antiquity,  but  when  or  by  whom  it  was  first  adopted, 
we  must  leave  the  antiquarian  to  decide.  In  this  place  it  claims 
notice,  on  account  of  its  contributing  so  essentially  to  the  per* 
fection  of  several  other  arts. 

The  machine  in  which  turning  is  performed,  is  called  a 
Lathe.  Lathes  differ  very  considerably  in  their  general  form, 
their  sim,  and  the  nmterials  of  which  they  are  made.  They 
we  commonly  classed  according  to  the  manner  in  which  they 
receive  their  motion.  Hence  we  have  the  Wheel  Laihe^  the 
Fooi  Laihe^  the  Hand  Lathe  or  Tumiag  Bench,  and  the  Pole 
JLathe.  For  very  large  work,  there  are  other  lathes  used,  which 
aie  wrought  by  horses,  water  wheels,  or  steam  engines. 

We  snail  in  the  first  instance,  describe  the  foot  lathe,  which 
may  be  converted  into  a  wheel  lathe,  as  often  as  occasion 
demands ;  as,  for  this  end,  it  is  only  necessary  to  fix  it  in  such 
A  situation  as  to  admit  of  the  requisite  addition  of  a  large  wheel, 
tamed  by  one  or  more  men. 

Fig.  I.  pi.  I.  is  the  perspective  yiew  of  a  foot  lathe  made 
entirely  of  iron,  excepting  the  wheel.  The  shears  or  cheeks, 
vhich  constitute  the  bed  of  the  lathe,  and  one  of  which,  BB, 
is  seen  in  front,  are  fastened,  at  one  end,  by  two  bolts,  c  if,  to 
the  upritfht  O ;  and  at  the  other  end  by  the  bolts  a  6,  to  the 
uprignt  Q.  These  bolts  pass  entirely  through  the  shears  and 
the  uprights,  and  are  each  of  them  screwed  at  the  end,  so  as 
to  be  dmwn  pofectly  tight  by  a  nut  at  the  back.  The  heads 
ate  countersunk,  so  tlmt  they  lie  level  in  front,  and  caa 
occasion  no  inconvenience.  The  feet  PR  are  cast  in  the  same 
piece  with  their  respective  uprights  OQ.  They  are  fastened  to 
tbe  floor  by  screws  passing  through  them,  and  are  large  enough. 
to  aflbrd  a  solid  bearing  for  the  kthe.  The  shears  are  parallel, 
and  enclose  a  space  for  the  puppets,  or,  as  they  are  sometimes 
caUed,  the  heaostocks,  to  dide  in. 

On  the  rim  of  the  great  wheel  or  fly,  K,  are  three  annular 
giooves,  gradually  narrowing  to  the  bottom,  sons  more  effectu- 
ally to  take  hokl  of  the  band,  and  give  it  more  power  to  turn 
the  mandrel  E,  the  pully  F  of  which  has  three  corresptmding 
grooves^  of  diffimnt  diameten^  to  give  it  different  velocities. 
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The  fly  wheel,  the  trrooyes  of  wliich  are  also  of  diflermt  diam^ 
lerSy  has  its  least  diameter  spon  the  same  side*  as  the  greater 
diameter  of  the  pulley.  The  band  is  made  of  i»trong  oit^nit ; 
in  order  to  make  it  suit,  when  applied  to  all  the  difljeiart 
grooves  of  the  pulley,  the  wheel  K  can  be  elevated  or  dcprrased 
by  means  of  the  screws  pp,  each  of  which  acts  upon  a  sliding 
piece  in  the  uprights.  The  axle  of  the  wheel,  at  one  end^ 
works  in  the  sliding  piece  of  the  upright  Q;  but  at  the  other  in 
the  end  of  the  screw  /,  which  pastes  throusrh  the  slider  of  the 
iipriirht  O,  and  affi>nls  the  convenience,  not  only  of  making 
the  motion  of  the  wheel  steady,  but  of  taking  it  out  or  putting 
it  in,  without  disturbing  the  other  pirts  of  the  machine  The 
axle  of  the  wheel  is  of  iron,  except  at  each  extremity,  which  is 
steeled,  leil  very  hard,  and  of  a  conical  fisrnrc.  At  L  it  is  bent 
so  as  to  form  a  crank,  receivini^  cme  hook  of  the  connecting 
rod  M,  the  other  hook  of  which  is  attached  to  the  treadle  frame 
N.  The  hooks  of  the  connectmg  rod  being  screwed  in,  can  be 
lengthened  or  sliortened  as  the  wheel  is  elevated  or  depress^. 
The  treadle  frame  is  made  of  wooJ,  to  each  end  of  the  back 
part  9  9,  is  affixed  a  conical  piece  of  steel,  one  of  which  works 
in  a  corresponding  bole  in  the  foot  P,  and  the  other  in  R,  upon 
the  same  plan  as  the  axle  of  the  fly. 

The  puppets  CD  are  cast  in  one  piece.  On  the  under  side 
they  have  a  projecting  part,  pointed  out  by  dotted  lines  near  B, 
exactly  filling  in  breadth  the  space  between  the  shears,  upoA 
which  they  are  drawn  down  by  the  screws  m  m,  which  enter 
this  projecting  part,  and  render  them  immovable  nt  pleasure. 
The  puppet  G  is  fastened  in  a  simdar  manner,  by  the  screw  /• 
The  spindle  or  mandrel  E,  runs  in  a  brass  or  bcll-metal  colbr 
to  each  of  the  puppets  ("D.  The  collar  in  the  puppet  C  is  of 
a  single  piece,  very  carefully  drilled ;  but  that  in  the  pnppet  D 
is  in  two  pieces,  which  are  fitted  so  as  to  slide  down  an  angular 
groove,  and  further  secured  by  a  plate  r  on  the  top  of  it,  which 
pkiie  is  fastened  by  two  screws.  The  part  E  is  called  the 
nose  of  the  spindle,  and  the  screw  upon  it  is  intended  to  receive 
the  chocks.  The  spindle,  where  it  works  in  the  collars,  must  be 
steel,  welded  round  the  iron  pad,  and  turned  cylindrical  in  the 
most  accurate  manner.  It  is  supplied  with  oil  by  small  holes^ 
one  of  which  is  drilled  from  the  top  of  each  puppet  through  the 
collars.  It  is  intended  to  be  used  occasionally  as  a  tniver»ing 
mandrel,  but  when  not  used  for  this  purpose,  it  has  a  irroove» 
for  a  piece  of  steel  on  the  puppet  6  to  fall  into,  so  as  to 
prevent  its  horiaontal  motion.  By  shickening  the  screws  /  m  m, 
It  is  evident  that  the  pnppetH  are  at  liberty  to  sikle  horieontally, 
and  that  D  and  O  can  be  fixed  at  varioos  diftances  from  each 
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olher.  G  is  the  puppet  moved  to  soit  the  len^b  of  difiereiit 
-work,  which  requires  the  use  of  the  point  of  the  screw  H  as  a 
centre.  An  accommodation  of  a  few  inches  is  obtained  by 
screwing  H  further  through  or  out  of  the  headstock.  When 
the  screw  H  has  been  brought  to  its  proper  place,  it  is  fastened 
by  turning  the  screw  s.  To  prevent  the  screw  s  from  damaging 
the  thread  ol  H,  a  s»mali  piece  of  brass  intercepts  the  end  of  it, 
and  is  pressed  by  it  upon  the  screw. 

The  rest,  I,  can  be  fixed  at  any  necessary  distance  from  the 
axis  of  the  work,  by  the  bolt  t,  which  is  dniwn  tight  by  the 
nut  X'9  the  peculiar  shnpe  of  which  is  very  convenient  in  prac* 
tice,  as  it  admits,  in  turning  it,  of  the  ready  application  either 
of  the  hand  or  any  sort  of  a  lever.  As  the  opening  which  admits 
the  bolt  i  is  continued  to  the  further  end  of  the  rest,  the  latter 
can  be  drawn  away  without  taking  off  the  nut  k  from  the  boit| 
which,  when  the  rest  is  withdrawn,  immediately  falls  from 
between  the  cheeks.  The  cross  part,  g,  of  the  rest,  having  a 
cylindrical  stem,  which  exactly  fits  a  hole  passing  perpendicu- 
larly through  the  pillar  in  the  fore  part  of  the  rest,  admits  of 
being  moved  entirely  round,  or  of  b^ing  raised  or  lowered,  and 
it  may  be  fixed  in  any  situation  which  can  be  necessary,  by  the 
screw  h. 

The  pulley  F  is  comrhonly  made  of  mahogany,  or  some 
bard  wood  which  will  stand  well.  On  the  face,  it  is  covered 
with  a  brass  plate,  upon  which  are  a  number  of  concentric  cir- 
cles, each  divided  into  a  diflerent  number  of  equal  parts  by  small 
faoh^.  There  is  a  &top  /,  consisting  of  a  stout  cylindrical  piece 
that  can  be  moved  round  on  a  screw  in  the  puppet  D ;  to  the 
end  of  it  is  affixed  a  thin  piece  of  steel,  so  that  wnen  turned  up, 
and  a  short  point,  near  the  top  of  it,  inserted  in  any  of  the 
divisions  of  the  pulley,  it  has  sufficient  spring  to  keep  it  there. 
This  contrivance  is  used  to  divide  the  circumference  of  any 
thin^  turned  into  eoual  parts.  It  may  also  be  applied  to  the 
cutting  of  the  teeth  or  wheels,  so  as  to  make  the  lathe  not  inferior, 
for  this  purpose,  to  the  clockmakers'  engine,  which  is  often 
move  costly  than  a  complete  lathe.  To  use  it  in  this  way,  let 
the  part  ^  of  the  rest  be  drawn  out,'  and  a  strong  plate  of  iron^ 
with  a  stem  of  the  same  kind,  substituted.  Upon  this  plate,  let 
there  be  a  sliding  piece,  to  be  pushed  forward  by  a  spring,  and 
containing  a  small  circular  cutter,  with  teeth  on  its  circumference 
like  those  of  a  file.  The  cutter  runs  horizontally;  on  its  axis 
must  be  a  pinion,  turned  by  a  wheel,  of  some  considerable 
diameter,  and  working  in  the  same  sliding  piece.  This  wheel 
has  a  small  winch,  by  the  turning  of  which  the  teeth  are  cut, 
the  stop  C  beuig  fint  fixed  in  one  of  the  holes  of  the  brass  platCf 
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tbe  circle  used  beoif  dctonnMed  by  the  number  of  teetk  wanted, 
and  tbe  cotter  brou^bt  to  tbe  circumterence  ot  the  wheel  in  tbe 
latbe,  upon  which  it  is  to  operate.  When  one  tooth  is  cut|  the 
stop  is  8ii|>ped  ioio  another  bole,  and  the  process  repeated  till 
all  are  completed. 

The  wheel,  and  consequeatlj  the  pulley  with  which  the 
baad  conaects  it,  is  put  in  motion  by  pushing  down  the  treadle; 
the  crank,  previously  to  the  first  push,  being  brought  nearly  to  its 
bighest  devation.  By  the  momentum  which  the  wheel  has 
thus  acquired,  the  motion  is  continued,  when,  as  the  treadle 
and  crank  rise,  the  workman  can  exert  no  power  on  the 
machine.  As  soon  as  tbe  crank  begins  to  descend,  tbe  treadle 
receives  another  impulse  firom  tbe  foot,  by  the  repetition  of 
which,  at  each  revolution  of  tbe  wheel,  the  force  destroyed  by 
friction,  and  by  the  tool  in  the  act  of  turning,  is  constantly 
lenewed.  The  wheel  is  frequently  made  of  iron ;  it  is  not  then 
solid,  but  tbe  rim,  which  is  of  considerable  weight,  is  connect* 
ed  by  four  or  five  spokes  with  a  centre  piece,  through  which 
there  is  a  square  hole,  for  the  axis  to  pass,  and  it  is  fastened  by 
thin  wed^;es« 

The  loot  lathe  baa  not  power  enough  for  the  turning^of  veiy 
heavy  work.  It  is  therefore  converted  into  tbe  wheel  iathe  by 
using  a  large  fiy  wheel,  (five,  six,  or  seven  feet  in  diameter, 
for  instance,)  standing  in  a  separate  frame,  at  the  distance  of 
aeveml  fiKt,  or  even  yards,  from  tbe  pulley,  and  turned  by 
one  or  two  men,  who  use  both  hands  at  once  to  tbe  winch.  The 
band,  to  give  it  greater  power  over  tbe  pulley,  is  crossed ;  thai 
part  of  it  which  came  from  the  top  of  tbe  wheel  coaseoueot^ 
goes  directly  to  the  bottom  of  tbe  pulley,  and  the  men  wno  turn 
can  face  the  lathe,  to  assist  them  in  knowing  when  it  is  pro- 
per to  stop,  which  is  necessary  when  no  contrivance  is  resorted 
to  for  stopping  the  mandrel,  without  stopping  tbe  great  wheel. 
The  following  description  of  an  ingenious,  though  more  com* 
plex,  method,  adt»pted  by  Maudsuiy,  an  eminent  turner  in 
London,  in  applying  the  power  of  tiie  larffc?  wheel,  is  given  in 
Gregory *s  able  treatise  on  Mechanics:  tbe  urge  At  wheel  which 
the  men  turn,  works  b^  a  strap  on  another  wheel,  fixed  to  the 
cieling,  directly  over  it;  on  the  axis  of  this  wheel  is  a  Urger 
oae,  which  turns  anutbor  small  wheel  or  pulley  fixed  to  the 
cieling  directly  over  the  mandrel  of  the  lathe ;  and  this  last  baa 
on  its  axis  a  laiger  oae  which  wotks  the  pulley  F  by  a  band 
of  catgnt.  These  hitter  wbeeb  are  fixed  in  a  frame  of  ca4  irop, 
jnoTewIe  on  a  joint;  and  thu  frame  has  always  a  strong  land* 
oncy  to  rise  op,  iu  cuosrqu<*nci*  otihe  action  ol  a  heavy  weight; 
tbe  nya  Ami  wbichi  atter  jamiiig  over  a  tf vUey^  ia  Astonod 
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to  tbe  frAroe:  this  v^bt  not  only  operates  to  keep  tile  nmndral* 
band  tight,  when  applied  to  any  of  the  groove  thereiii,  b«t 
always  makes  the  stiiap  between  the  two  wheels  on  the  cMing 
i(.  As  it  is  necessary  that  the  workman  shonld  be  able  to  stop 
kis  lathe,  without  the  men  stopping  Who  are  turning  the  fix^t 
wheel,  there  are  two  pulleys  or  rollers,  (on  the  ajtis  erf"  the 
wheel  over  the  I^Hie,)  for  the  strep  coming  from  the  other  wbetl 
on  tbe  cieltng;  one  of  these  pulleys,  called  the  deadpmlley<,  is 
flxed  to  the  axis  and  turns  with  it,  and  the  other,  which  slipa 
found  it,  is  called  the  live  puffey:  theKC  puili>ys  are  put  close  to 
each  other,  so  that  by  slipping  the  strap  upon  tbe  five  puUey^  it 
will  not  turn  the  axis;  but  if  it  is  slipped  on  the  other  it  w91 
torn  with  it:  this  is  ef&cted  by  a  horisBontal  twr,  with  two 
Upright  pins  in  it,  between  which  the  strap  passes.  This  bar  h 
moved  in  such  a  direction  as  will  throw  the  strnp  upon  the  live 

S alley,  by  means  of  a  strong  bell-spring;  and  in  a  contrarf 
nwtfon  it  is  moved  by  a  cord  fasti^ned  to  it,  which  passes  over 
a  ptrlh^,  and  hangs  down  within  reach  of  tbe  workman's  hand: 
to  this  cord  is  fastened  a  weight,  heavy  enough  t0  counteract 
the  bell  spring,  and  bring  the  stmp  up  to  the  dead  pulley,  to 
tarn  the  lathe;  but  when  the  weight  is  laid  upon  a  little  shelf, 
prepared  for  the  purpose,  it  will  be  stopped  by  the  action  of  the 
spring. 

ft  miTf  be  considered  a  difficult  and  expensive  undertakimr 
to  make  an  iron  lathe  upon  the  plan  above  described.  But  u 
Ibe  cheeks  be  cast  in  such  a  manner,  thnt  the  trensvene  section 
ef  them,  when  placed  as  they  are  to  lie  in  tbe  lathe,  shall  be 
Uke  flg.  2,  the  projecting  parts  rmposite  each  other,  and  on  the 
lop,  which  are  all  that  need  be  filed  flat,  will  be  so  narrow  thai 
Ae  making  of  them  true  will  be  very  matertally  expedited. 
In  metallic  lathes,  it  must  not  be  concealed,  there  is  an  elastie 
Hemor  which  is  dtsodvantageous ;  but  they  admit  of  and  retaio 
to  much  greater  exactness  in  their  workmanship,  they  are  i^ 
nsuch  more  compact  and  durable  than  wood,  that  they  merit  ft 
decided  preftrence,  and  the  use  of  them  is  becoming  so  genera^ 
flmt  they  will  probably,  in  a  short  time,  supenMde  every  other 
kind.  In  ill  first  cost,  if  the  business  be  set  about  in  a  proper 
nanner,  an  iron  lathe  ne^  not  be  made  to  exceed  the  price  of 
ft  really  good  wooden  one;  a  small  quantity  of  the  cheapest  soil 
ef  wood,  will  make  the  patterns  for  a  hrge  latbe ;  one  patten^ 
ftr  example,  It  is  char,  will  serve  for  rath  the  uprights,  ana 
Ibe  same  may  be  obsrr^  of  the  cheeks,  which  are  also  boflk 
ftHfee.  When  a  wooden  lathe  is  intended  for  nice  work,  it 
Mgbt  \o  be  made  of  mahogany ;  bat  whether  wood  or  iroa  be 
3.  Vol.  I.  I 
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ibe  material,  il  is  recommendable  to  make  the  cheeks  of  con* 
siderable  depth. 

The  stronger  and  the  m<Nre  correct  the  workmanship  of  a 
lathe,  the  easier  it  is  to  execute  work  in  it,  with  expedition  and 
truth;  but  cood  work  may  be  performed  with  an  indifierent 
lathe,  by  taking  care  to  cut  so  little  at  a  time,  that  the  parts  of 
the  en^ne  may  never  be  shaken  out  of  contact. 

It  IS  essential  to  a  good  lathe,  that  the  centres  of  the  coUan 
of  the  mandrel,  and  the  centre  of  the  screw  in  the  moveable  or 
right  hand  puppet  head,  be  in  one  line,  paiallel  to  the  bed  or 
shears*  If  tne  collan  aiid  the  mandrel  be  truly  formed,  the 
latter,  when  the  rotation  of  it  is  slowly  made  by  the  hand, 
will  be  equally  stiff  in  every  stage  of  its  prv^pness,  and  the 
wearing  parts,  when  examined,  will  have,  evciy-where^  the 
same  appearance*  When  the  mandrel  is  fitted  with  accuracy, 
the  head  of  the  moveable  puppet,  which  must  previously  be 
finished  in  that  part  which  slides  between  the  shean,  may  be 
drilled  in  the  tollowiag  manner:  screw  firmly  upon  the  mandiel 
a  piece  of  steel ;  turn  it  true ;  let  the  right  hand  end  of  it  bo 
made  conical  like  the  extremities  of  the  axle  of  the  wheel  K, 
fig*  I ;  from  the  base  of  this  conical  end,  to  at  least  the  same 
extent  as  the  thickness  of  the  moveable  puppet,  at  the  part  to 
be  drilled,  let  it  be  turned  somewhat  smaller  than  the  broadest 
part  of  the  cone.  File  the  cone,  so  as  to  leave  two  or  three 
edffes  untouched  by  the  file,  but  which  will  cut  like  thoae  of  a 
drul.  Now  brin^  up  the  moveable  puppet,  and  bore  it  with 
this  tool ; — the  axis  of  the  hole  produced,  will  be  in  the  same 
line  as  the  axis  of  the  mandrel*  While  the  puppet  is  drilling, 
the  screw  which  fiutens  it  to  the  cheeks,  should  oe  ti^t  enou^ 
to  prevent  its  shaking,  but  not  so  tight  as  to  prevent  its  being 
impelled  forward  as  the  tool  cuts^ 

It  is  not  customary,  in  foot  lathes  for  general  purposes,  to 
make  the  centre  of  the  collars  more  than  eight  or  nine  inchea 
above  the  bed.  As  one  means  of  ensuring  perfect  steadiness,  it 
is  always  proper  to  make  them  as  low  as  the  work  intended  to 
be  done  will  admit;  but  in  the  lathe  aboveKlescribed,  an 
arrangement  ma^  be  made  for  the  occasional  turning  of  work  of 
extraordinary  diameters.  That  part  of  the  puppets  CD  which 
slides  between  the  cheeks,  does  not  extend  to  the  fipont  of  D; 
so  that  when  these  poppets  are  turned  round,  and  D  standi 
where  C  now  is,  tne  nose  of  the  mandrel  is  even  with  the 
outside  of  the  upright  Q.  Hence  the  body  to  be  turned  will 
be  relieved  from  the  interference  of  the  chedu  or  the  opri^t, 
by  the  chuck,  or  whatever  dse  is  used  to  effix^t  the  rotation. 
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Method  of  stoppini;  the  foot  lathe. — ^The  •tandaitb.-^The  maiKlrel. 

When  this  plan  is  adopted,  the  method  of  fixing  the  rest,  and 
also  (he  right  hand  centre,  when  two  centres  are  want^,  must  be 
left  to  the  judgment  of  those  who  may  require  its  assistance,  as 
diffisrent  workmen  will  have  different  conveniences  for  accom- 
plishing  the  same  end;  the  possession  of  a  substantial  bench 
will,  in  this  case,  relieve  one  person  from  embarrassment,  while 
the  proximity  of  a  wall  will  aflford  stability  to  the  fixture^ 
of  another. 

The  method  of  stopping  the  motion  of  the  foot  lathe,  is 
extremely  simple;  a  considerable  piece  of  thick  canvass  or 
leather,  is  suspended  near  the  circumference  of  the  fly,  on  that 
Vide  next  the  workman,  who  presses  his  knee  upon  the  rim^ 
with  the  canvass  or  lather  interposed,  and  the  momentum  of 
Ihe  wheel  is  too  inconsiderable  not  to  be  instantly  overcome 
without  difficulty. 

Fig.  3,  is  an  devation  of  one  of  the  standards  and  feet  of 
the  foot  lathe,  shown  endways.  The  ribs  ab  are  merely  intend*- 
ed  to  afford  additional  strength  to  the  standard,  which,  if 
made  a  little  stronger  than  the  proportion  here  represented,  wilt 
not  require  their  aid.  The  screw  by  which  the  sliding  piece 
<for  receiving  the  extremity  of  the  axle  of  the  fly,)  is  eWated 
or  depressed,  is  attached  by  a  collar,  in  which  the  upper  end 
easily  turns  round.  That  part  of  the  standard  itself,  in  which 
the  screw  works,  is  cast  with  a  hole  in  the  centre,  in  which  a 
bra»  nut  is  afterwards  inserted. 

Fig.  4,  is  the  mandrel  separately.  When  the  mandrel  is  not 
used  as  a  travereing  one,  it  nas  generally,  besides  the  shoulder 
against  which  the  chucks  are  screwed,  another  shoulder,  which 
is  pressed  against  the  collar  of  the  middle  puppet  by  a  screw; 
for  an  example  of  this  arrangement  see  fig.  13.  When  the 
mandrel  is  not  provided  with  a  shoulder  of  this  sort,  it  is,  at 
that  part  which  works  in  the  collar  of  the  middle  headstock,  of 
a  conical  figure,  so  that  pressing  it  forward  with  the  screw  at 
the  back,  will  at  all  times  produce  the  eflect  of  making  it  fit  the 
collar.  But  when  this  form  is  given  to  the  mandrel,  the  friction 
in  the  coUar  is  prodigiously  increased  by  the  slightest  pressure 
of  the  back  screw,  trom  its  operating  like  a  wedge;  and  it  is 
difficult  to  regulate  it  in  such  a  way,  that  the  mandrel  is  not  so 
tight  as  uselessly  to  destroy  any  part  of  the  power  applied  to 
the  machine,  or  so  slack  as  to  be  unfit  for  use.  The  nose  of  a 
mandrel  is  almost  always  screwed  externally,  for  the  reception 
of  chucks,  and  is  besides  often  furnished  with  a  square  hole  for 
the  ready  insertion  of  small  arbors,  boring  tools,  Sec.  Aii 
inside  screw  is  much  better  than  a  square  hole. 


do  MeCHANICAIi  EX&iClsn. 


Ml  aw  ^  fixini;  the  work  ui  turninir. 


Of  Chucks. 
The  cbuckn  of  a  lathe  are  pieoef  of  wood  or  metal,  fciewed 
Of  other  wife  6«teDed  to  the  noie  of  the  nwodrel,  and  lued  to 
fEQstaia  the  work  in  its  rotation.  Their  conttrortion  i»  varied 
irery  contideiably,  to  suit  difierent  uurposes.  When  made  of 
metal,  biasp  is  most  commonly  belectra.  The  work,  as  the 
nature  of  it  renders  most  convenient,  is  fastened  to  a  woodea 
^uck  by  carofnt,  or  by  itlue,  or  screwed  into  it,  or  gently 


into  a  ceil  prepared  to  receive  and  hold  it  fast, 
•ustain  the  latter  operation,  or  any  other  violence,  wooden 
ohucks  are  hooped  with  brass  or  iron.  As  it  would  be  almost 
impossible  to  screw  a  wooden  chuck  upon  the  convex  nose  of  a 
mandrel,  and  take  it  off  as  occasion  required  during  the  p^ 
oess,  without  altering  the  position,  it  is  found  much  the  best  to 
make  the  medium  ol  fiislening  it  to  the  mandrel  of  brass.  This 
may  be  done  in  two  wavs :  one-half  of  a  solid  cylinder  of 
^rass,  somewhat  thicker  than  the  nose  of  the  mandrd,  may  be 
minced  so  as  to  leave  a  shoulder,  and  properly  screwed  to  fit 
the  concave  screw  of  the  mandrel;  the  remaining  part  may  then 
be  screwed  with  a  coarse  thread,  for  the  reception  of  the  ^nckf 
which  is  to  be  tightly  screwed  upon  it ;  the  screw  and  the  chuck 
may  then  be  removed  together  from  the  mandnd,  as  often  as 
may  be  necessary,  and  again  screwed  on  eaacUy  to  the  same 
bearing.  It  will  be  well  to  use  a  little  oil  upon  the  thread  of 
llie  screw  which  eaters  the  mandrel,  lest  it  be  so  fast  that  the 
iposition  of  the  wooden  chuck  mav  alter  in  a  small  d^ree  when 
It  is  taken  out.  The  other  way  of  adopting  the  intervention  of 
metal,  in  securing  a  wooden  chuck,  is  still  more  aecure,  and 
generally  used  for  large  work:  it  consists  in  using  a  short  hollow 
cylinder  of  brass,  intarnallv  screwed  with  the  same  thr^  m  the 
aatemal  screw  of  the  mandrel,  upon  which  it  can  oonasquenttr 
be  screwed  with  fiu:ility  at  any  time,  and  as  easily  taken  off. 
Upon  one  end  of  it  is  soldered  a  circular  plate  of  iron  or  brass, 
ao  as  to  Ibno  upon  it  what  is  called  a  flange,  the  diameter  and 
strength  of  which  must  be  propoitiooed  to  the  magnitude  of  ihf^ 
ebuck,  and  the  weight  of  the  work*  When  the  chuck  is  six 
inches  in  diameter,  the  diameter  of  the  flange  ought  .not  to  be 
less  than  two  and  a  half  or  three  inches.  Four  or  five  holes  are 
made  near  the  circumfeienoe  of  the  flange,  for  somws  to  pass 
through,  in  order  to  frsten  the  brass  to  the  wood.— A  wooden 
chuck  is  so  liable  to  warp,  Anm  changes  cf  temperature,  that 
even  after  they  have  once  been  made  tme,  it  is  cnstomary  f  o 
turn  them  a  little  every  time  tb^  am  need. 
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Besidei  the  chucks  above  deBcribed,  there  aie  several  other 
jdndfrt  considerably  dUferent  in  their  form,  sonie  of  the  most 
naefiil  we  shall  describe*  Fif.  5,  is  a  UDiverMti  chuck.  It  coo- 
Mis  of  a  short)  hollow  cvTinder,  one  end  of  which  can  be 
screwed  upon  the  nose  of  the  spindle,  and  on  the  circumfer* 
ence,  at  equal  dislanoes  from  each  other,  and  from  the  edge  of 
the  other  end,  aie  inseited  four  screws.  As  these  screws  may 
}^  akeied  Co  any  distance  within  the  cylinder,  they  can  be 
snewed  upon  work  of  any  size  which  the  cyliucksr  will  admits 
JO  as  to  hdd  it  while  it  is  turned. 

Fi^.  6,  is  one  part  of  another  contrivance  for  holding  work 
qf  various  siies;  it  is  used  in  conjunction  with  the  oentK>  fig« 
7f  and  the  chuck  %•  8.  Suppose  we  have  a  bar  of  iron  to 
tani  ii^  a  cylinder ;  let  the  cnuck  %. .  8.  be  screwed  upon  the 
Boseof  the  mandrel,  and  the  centre,  6g.  7,  into  it;  then  put  the 
bar  a  little  way  through  the  toed,  fig.'  6,  which  must  be  lis- 
tened by  its  screw,  so  that  if  it  be  carried  round,  the  bar  must 
revolve  at  the  same  tima  Suspend  the  bar,  by  punch  holes, 
at  one  end  on  the  centre  fig.  7,  and  at  the  other  on  the  point  of 
tlie  screw  in  the  right  hand  puppet,  the  arm  a  of  the  tool  fig. 
6,  being  first  put  into  the  nick  of  the  chuck  fig.  8;  the  bar 
asay  then  be  revolved  upon  the  two  centres,  and  turned  with 
the  greatest  facility,  in  every  part  except  that  which  is  imme- 
diately under  and  on  the  left  hand  of  the  tool  fig.  6.  It  can 
often  oe  so  contrived,  that  the  part  thus  left  untumra  may  be  cut 
oK  either  in  the  lathe  or  afterwards ;  but  if  this  be  inconvenient, 
Bathing  more  is  necessary,  .when  this  part  is  all  that  remains 
QSMlone,  than  to  reverse  the  position  of  the  bar,  and  fiuten  the 
tool  fig.  6,  upon  the  finished  end ;  we  are  then  at  liberty  to 
complete  our  work.  When  there  is  an  inside  screw  at  the  end 
ot  tlie  mandrel,  the  centre  fig.  7,  and  the  chuck  fig.  9,  are 
icrewed  to  fit  ft ;  but  when  there  is  onlv  a  square  hole,  they 
must  necessarily  possess  a  correspondent  form. 

The  chuck,  6e,  9,  is  most  commonlv  used  for  levolv* 
ing  Ionic  pieces  of  wood.  Its  prongs,  which  are  sometimes 
made  to  stand  in  a  line,  and  sometimes  at  equal  distances  from 
each  other  cloi^  to  the  circumference,  are  driven  into  the  wood ; 
it  is  then  sen* wed  into  the  nose  of  the  mandrel,  and  the  other 
cod  of  the  wood  being  supported,  by  its  centre,  on  the  sciew, 
as  io  the  last  instance,  it  is  ready  for  turning. 

Of  ihe  B&rmg  mfd  Mandrel  CoUart* 
Fig.  10  ia  a  boring  collar:  the  hoks  are  conical,  and  their 
cmtiea  are  all  precisely  at  the  same  distance  from  the  axis  nf  the 
collar.    This  coUar  is  used  to  support  the  end  of  any  iaog 
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body,  which  roust  be  tarned  hollow,  and  which  could  not  be 
kept  steady  by  a  chuck.  It  is  usually  made  of  iron  or  brass. 
In  using  it,  lemove  the  common  right  hand  puppet,  and  provide 
another  considerably  lower.  Through  this  low  h^stock,  drill 
a  hole  of  the  same  size  as  that  in  the  centre  of  the  boring  collar. 
The  centre  of  this  hole  must  be  in  the  same  perpendicular  line 
as  the  centre  of  the  mandrel.  The  collar  is  attacned  to  it,  so  as 
to  face  the  end  of  the  mandrel,  by  a  screw  with  a  button  h«id, 
tightened  at  the  back  with  a  nut.  When  properly  fixed,  the 
centre  of  the  hole  is  exactly  opposite  the  axis  of  the  mandrrf, 
and  when  the  largest  hole  is  used,  and  is  therefore  upper- 
most, it  entirely  clean  the  top  of  the  headstock  to  which  it  is 
affixed.  The  end  of  the  cylinder  to  be  bored,  being  placed  in 
the  hole  which  fits  it,  the  boring  tool  is  held  upon  a  rest  against 
its  centre,  and  the  boring  may  then  be  performed,  with  great 
accuracy,  to  any  required  depth. 

Fig.  11,  is  a  boring  collar  with  one  aperture,  capable  of 
adjustment  by  turning  the  screw  at  the  top.  As  for  work  of 
dinerent  sizes,  it  requires  to  be  fixed  at  difierent  heights,  the 
opening  for  the  screw  which  fastens  it,  is  not  ciicalar,  but  of 
sufficient  length  to  admit  of  the  required  yariation.  A  cylinder 
revolving  in  this  boring  collar,  will  always  touch  one  point  of 
each  side  of  the  triangular  apierture,  which  is  sufficient  to  pro- 
duce the  requisite  steadiness  while  the  boring  is  executed. 

Fi^.  19,  is  the  collar  of  the  puppet  D.  Before  it  is  divided, 
which  is  done  with  a  fine  saw,  tne  nole  for  the  mandrel  is  very 
carefoUy  turned.  It  is  very  common  to  make  the  collars  of 
lathes  with  steel ;  but  when  formed  of  an  alloy  containing  thir* 
teen  or  fourteen  parts  of  copper,  to  two  or  three  of  tin,  they 
have  much  less  friction,  and  will  hut  a  very  long  time,  several 
years  perhaps,  in  constant  use,  without  requiring  to  be  re- 
newed. To  make  the  mandrel  and  its  collar  perfectly  fit,  they 
may  be  ground  together  a  little  in  their  places,  with  finely  pow« 
dered  Turkey  hone:  emery  must  not  oe  used;  if  it  were,  the 
metals  could  never  be  freed  from  it  by  cleanii^. 

TTte  Hand  Laihe^  or  T\iming  Bench. 
The  wheel  of  the  hand  lathe  is  so  situated,  that  it  can  be 
turned  by  the  left  hand,  while  the  ri^ht  is  employed  in  hcriding 
the  chisel.  It  is  seldom  more  than  eighteen  or  twenty  inches  in 
diameter,  and  is  placed  just  behind  the  pulley  of  the  mandrel, 
so  that  the  winch,  at  its  greatest  distance,  is  within  an  easy 
reach  to  the  workman.  But  the  wlieel  is  not  an  inseparable  part 
of  the  hand  lathe ;  in  which  the  rotary  motion  of  the  work  is 
sometimes  producol  by  the  drill  bow. 
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Fig.  13,  is  an  elevation  of  a  band  laibe  of  the  most  approv- 
ed  constniction.  CC  are  two  metallic  pillars,  firmly  screwed 
to  a  boaid  or  table  at  the  bottom,  and  at  the  top  to  the  triangular 
bar  BB.  One  of  the  flat  sides  of  this  bar  is  parallel  to  the  table^ 
conflequently  an  angular  edge  is  uppermost.  The  puppets 
DEF  have  angular  openings,  which  exactly  fit  the  bar;  two 
of  them,  DF,  are  exactly  alike,  and  an  elevation,  frontwise, 
of  one  of  these,  is  given  in  %•  14.  These  poppets  can 
be  taken  off  the  bar,  without  unscrewing  the  pillars  CC; 
there  is  an  aperture  on  both  sides  of  each  of  them,  a  little 
below  the  under  side  of  the  bar;  a  plate  of  iron  being  placed 
across  each  puppet,  through  these  apertures,  a  screw  is 
then  passed  per^ndicularly  through  tne  centre  of  it  from 
below.  By  pressmg  this  screw  against  the  bar,  the  puppet  is 
rendered  immoveabte.  The  shoulder  of  the  mandrel  is  pressed 
against  the  colbr  in  the  puppet  E  by  the  screw  a,  the  end  oi 
wnich,  like  that  of  the  mandrel,  is  convex,  and  they  therefore 
touch  each  other  only  in  a  point. 

The  support,  H,  for  the  rest,  G,  is  flat  on  the  top ;  it  is 
anoveable  along  the  bar,  and  fixed  exactly  in  the  same  manner  as 
the  puppets*  The  pillar  and  upper  part  of  the  rest,  resembte 
the  same  parts  in  the  foot  lathe;  but  the  plate,  I,  to  the  end  of 
which  the  pillar  is  fixed,  has  no  aperture  through  it  for  the 
admission  of  a  bolt.  The  under  side  of  it  is,  however,  |^roov- 
cd  in  the  direction  of  its  length,  so  that  the  section  of  it,  the 
narrow  way,  resembles  fig.  16.  Hence  it  admits  the  button 
head  of  a  bolt  <r,  fig.  15,  which  passes  down  the  back  part  of 
the  suppoit  H,  at  the  bottom  of  which  it  is  tightened  by  a 
out.  The  plate  of  the  rest,  from  its  peculiar  formation,  can 
not  only,  like  the  plate  of  the  common  rest,  be  drawn  out,  in 
a  direction  at  right  angles  to  the  axis  c^  the  mandrel,  but  can 
be  turned  rouncTupon  its  support  H,  a  motion  which  is  occa* 
sionally  advantageous.  It  may  also  be  .observed,  that  1^ 
slackening  only  ue  screw  which  fastens  the  support  H,  the  rest 
may  be  sudden  to  another  part  of  the  bar,  without  the  liabilit^^ 
as  in  the  usual  construction,  of  altering  its  position  otherwise 
than  in  the  direction  of  the  length  of  the  bar. 

The  pin  by  of  the  puppet  T,  has  a  convex  centre  at  one 
end,  ana  a  concave  centre  at  the  other.  It  is  perfectly  cylin* 
drical,  and  fits  equally  well  either  end  foremort*  It  is  not  itself 
screwed,  but  is  fuced  at  the  place  required,  by  a  screw  from  the 
top  of  the  puppet.  It  is  not  unusual  to  force  forward  this  pin 
by  a  screw,  wnich  acts  upon  it  exactly  in  the  same  way  as  the 
screw  a  thai  prevents  the  mandrel  from  receding.  This  mode 
of  usbg  an  unscrewed  pin,  in  the  right  hand  puppet,  is  used  ia 
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hthes  of  all  sums,  particularij  in  those  at  the  teiy  besl,  or,  at 
leasts  the  most  expensive  sort.  It  is,  however,  not  approved 
by  all  workmen,  who  consider  a  screw,  upon  the  whofe,  mote 
bandy. 

All  the  screws,  in  the  lathe  fii?.  IS,  by  which  the  poppeta 
and  collars  are  tightened,  it  will  be  noticed,  have  rings  to  tnni 
them  by.  This  form  is  more  convenient  than  the  common 
thomb  screw,  which  has  no  perforation,  as  either  the  hand  or 
any  8mali  lever  that  happens  to  be  within  reach,  can  with  equal 
fiicility  be  applied,  according  to  the  tightness  with  which  they 
mn^  he  fixed. 

When  a  wheel  is  nsed  to  this  lathe,  it  is  placed  bctwwn  two 
standards  fixed  to  a  board  six  or  eight  inches  broad,  which,  in 
the  direction  of  its  lensrth,  lies  at  right  angles  to  the  bar,  and 
slides  in  an  angnlar  groove  at  each  sioe,  in  which  it  has  a  mn^^ 
of  a  few  inches,  for  the  purpose  of  tigbtening  the  band.  When 
the  drill  bow  is  used  to  eflfect  the  rotation  of  the  work,  the 
mandrel  is  commonly  withdrawn,  and  a  centre  pin  substituted 
in  the  puppet  D,  similar  to  that  in  the  puppet  P.  The  method 
of  turning  upon  two  centres,  whether  the  bow  or  the  wbed 
produce  the  revolution,  admits  of  great  truth  and  precision. 

The  vibrations  of  a  mandrel,  ot  a  short  one  especially,  ait 
mnch  to  be  dreaded;  and  cannot  be  too  carefully  guarded 
against  by  accnracy  of  workmanship.  In  proportion  as  the 
length  of  a  mandrel  is  increased,  the  conseouence  of  a  given 
quantity  of  vibration  is  diminished.  It  is  tnerefore  a  general 
rule  to  make  the  mandrel  as  long  as  will  be  convenient.  In  9 
foot  hithe,  its  length  sbonid  not  be  less  than  fourteen  or  ifteen 
inches. 

The  taming  benches  of  the  clock  and  watclhnakeni,  me 
almost  always  constructed  with  a  rectangular  bar  for  the  pnppeta 
to  sHde  upon;  but  a  bar  of  this  sort  is  much  inferior  to  a  trauH 
gnlar  one.  These  artists,  also,  have  freqoently  no  screw  npon 
the  nose  of  the  mandrel,  bnt  merely  a  square  hole  fai  the  end  of 
it.  They  have  arbors  of  various  siies,  tme  of  the  ends  of 
which  fits  this  hole,  and  the  other  extremity  runs  nnon  a 
centre.  These  arbors  are  tomed  trae,  bnt  not  polisheo.  and 
they  are  slightly  conical  in  their  flgnre*  To  tnm  wbeeb  and 
other  work  which  is  perforated  throngh  the  axis,  it  is  molf 
necessary  to  drive  them,  with  a  few  light  Mows,  npon  thessr 
arbors,  which,  thongh  driven  into  a  r^imlrieal  hole,  beooma 
anflfciently  tight  npon  them  for  the  opention. 

For  small  hthes,  which  are  eAuised  to  no  very  extraordinary 
strain,  the  mandrel  may  be  maae  of  cast  steel,  whicfa  wean 
biigar  and  aaaae  nnifisnn^  than  aaj  ofter  kind  OT  steeL 
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The  Pole  Lathe. 

Tbis  lathe  is  ccMDmonly  remarkable  for  the  extreme  simpli- 
citj  of  its  construction,  but  the  manner  in  which  the  body  to 
be  turned  in  it  receives  motion,  forms  its  essential  characteristic. 
It  can  be  easily  made  by  any  common  artist,  at  a  small  expense; 
it  can  be  wrought  by  one  man,  and  possesses  consi<krable 
power;  but  notwithstanding  these  importaut  recommendations, 
it   is   gradually   sinking  into  disrepute  and  disuse.     As  in 
turning,  the  tool  can  only  be  applied  to  cut,  while  the  body, 
upon  which  it  is  intended  to  operate,  revolves  in  one  direction, 
the  Dole  lathe,  which  produces  a  regular  alternation  of  contrary 
levolutions,  wastes  the  time  of  the  workman.     This  sort  of  mo* 
tion,  which  forms  the  principal  disadvantage  inseparable  from  the 
nature  of  the  machine,  when  used  to  enforce  the  action  of  edge- 
tools,  is  a  very  useful  one  in  some  kinds  of  grinding  and  polish- 
ing.    Stop-cocks  and  valves  may  more  auickly  and  effectually 
be  made  water  and  air-tight  in  a  pole  lathe  than  in  any  other 
kind  of  a  lathe.    This  hint  may  be  of  comdderabie  use  to 
f^perimentalists,  who  may  require  the  temporary  use  of  a  lathe 
motion,  for  purposes  of  this  kind,  when  they  may  not  have  au 
opportunity  of  procuring  it  without  more  trouble  and  expense 
than  is  convenient.     Let  a  short  cylindrical  pin  be  driven  into 
a  waU,  or  fixed  piece  of  upright  timber,  such  as  the  cheek  of  a 
door ;  place  upon  it  a  pulley  which  is  thick  enough  to  hang  a 
little  over  the  end  of  it.     Tne  pole,  the  treadle,,  and  a  tempo* 
rary  rest,  are  easily  arranged.^    Let  the  pulley  be  used  as  a^ 
chuck ;  they  may  then  give  their  work  the  best  motion  that  can 
be  contrived  for  it.    It  is  not  even  necessary  that  the  pullev 
Ibey  use  diould  be  turned.    Three  circular  pieces  of  thin  board, 
one  of  them  about  an  inch  in  diameter  less  than  the  other  two^ 
nay  be  united  by  nails  or  glue,  the  small  one  being  placed  in 
the  middle,  and  they  will  form  a  very  tolerable  pulley,  if  bored 
in  the  centre  so  as  exactly  to  fit  the  pin.    If  not  true  on  the  face, 
the  poUey  may  either  be  turned  witn  almost  any  tool  that  can  be 
obtained,  or  the  work  may  be  accommodated  to  it  by  applying 
a  greater  thickness  of  cement  on  one  side  th^  on  another.    To 
prevent  the  pMey  from  grazing  the  wall,  a  small  circular  piece 
should  be  put  on  the  pin  before  it,  to  serve  as  a  washer. 

The  pole  lathe,  see  fig.  17,  pi.  I.  consists  of  two  wooden, 
horizontal  oarallel  cheeks,  with  a  space  between  them  for  the 
ioseition  of  the  lower  part  or  tenon  of  the  puppets,  and  sup- 

f>rted  by  legs  or  standards  upmi  the  same  plan  as  the  foot  lathe, 
he  poppets,  of  which  there  are  only  two,  reach  some  inches 
below  the  chucks,  and  are  fiistened  at  any  part  of  the  bed,  by 
3.  Vol.  I.  K 
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'ig*  15,  is  a  righi  tide  tooly  with  two  cutting  edges,  viz. 
•  Bide  edge  and  an  end  ed^  so  as  io  cut  at  once  both  the 
bottom  and  the  sideof  a  cavity.  When  it  is  used,  the  beyel 
which  forms  the  edge  is  downwaids. 

A  Ufi  tide  iool^  the  side-edge  of  which  is  opposite  to  that 
last  mentioned,  is  useful  in  smoothing  the  left  eidernal  sorfeceof 
spheres,  and  other  rotund  figures. 

Fig.  16,  the  round  tool.  Though  the  gouge  is  genemlly  uaeil 
to  form  and  sometimes  (o  finish  concave  mouldings,  yet,  as  it 
k  very  difficalt,  in  whetting,  to  give  it  a  reguhur  coovmcity,  the 
fouad  tool,  which  may  be  formed  with  consideraUe  ezactnte, 
•is  a  useful  assistant  tot  the  same  purpose. 

Some  workmen  chuse  to  have  point  tooltj  see  fig.  17,  for 
making  nicks  or  small  mouldings,  as  well  as  finbhiag  the 
shoulders  and  flat  ends  of  work ;  while  othen,  instead  of  them, 
use  the  sharp  comers,  and  arrises  of  the  chisels. 

The  tools  included  under  the  general  term^  inside  took,  finr 

taming  out  holtows  and  cups  of  all  descriptions,  exhibit  the 

greatest  variety  of  shapes,  and  exercise  most  the  judgment  df 

the  artbt,  in  suiting  them  to  his  wants,    The  forms  exhibited 

'  in  fie.  18,  19,  SO,  SI,  and  28,  are  some  of  the  roost  useful. 

The  porting  tool^  fig.  S3,  is  used  for  making  deep  incisionsy 
and  cutting  on  any  part  of  the  work. 

The  drill,  for  making  holes,  is  variously  applied.  It  may 
Jie  used  along  ^ith  the  boring  collar ;  or  it  may  be  screwed 
upon  the  mandrel,  and  tlie  work  held  against  it ;  or  the  latter 
arrangement  may  be  reversed,  and  the  work  being  fiistened  to  a 
chuck,  the  drill  may  be  held  against  it,  while  the  tool  is  steadied 
upon  the  rest.  The  drill  is  sometimes  formed  so  as  to  resemble 
half  a  hollow  cylinder,  the  edges  of  which  are  moderately  sharp. 
Its  point  is  like  that  of  the  goufje^  from  which  it  difiers  princi* 
pally  in  forming  a  greater  portion  of  a  cylinder.  This  sort  of 
a  dnll  it  used  for  small  holes,  but  it  is  apt  to  turn  so  ill  upon  its 
point  as  to  bore  awry.  The  drill,  fig.  S4,  is  therefore  used  in 
preference,  especially  for  large  holes. 

The  nse  ot  the  outside  screuhtooL,  fig.  85,  and  themntfe  screw^ 
ioolf  fig.  86,  are  explained  in  the  section  on  taming  screwa. 
It  is  obvious  that  the  work  ought  to  be  turned  very  true,  bfifim 
they  are  applied. 

Turning  gravers^  triungular  wod  square  toob^  with  various 
other  namdcBS  sorts,  the  contrivanoe  of  individual  skill,  are 
used  in  turning  hard  bodies,  such  as  bone,  ivory,  and  metals. 
When  the  turning  graver,  fig.  87,  is  used,  it  is  the  first  tool 
taken  to  iron  and  stqel.  The  tool,  fig.  88,  of  which  No.  1  is 
the  front,  and  No.  8  the  profile,  is  often  used  instead  of  the 
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graver,  and  cuts  extremely  well,  but  is  not  so  easily  managed 
with  one  hand.  Triangular  and  square  toob,  are  denominated 
fpora  their  respective  sections  being  of  these  %ure8.  They  are 
flat  at  the  end.  Tlie  former  have  three  cutting  edges,  yise.  each 
arris  in  the  direction  of  their  length;  the  latter,  ^hich  are 
mostly  used  for  turning  brass,  have  four,  viz.  each  arris  at  tiie 
extremity.  In  a  powerful  lathe,  the  tool,  fig.  29,  is  a  very 
useful  onie  for  iron.  It  is  flat  at  the  end,  and  has  four  cutting 
edges,  all  aUke.  It  cuts  too  keenly  for  a  smalt  lathe,  and 
requires,  besides,  two  hands  to  hold  it;  but  with  two  hands,  as 
one  edge  can  be  pressed  upon  the  rest,  it  may  be  held  remark- 
ably steady. 

To  describe  the  use  of  the  tool,  fig.  90,  may  afford  a 
fiuniliar  ihustration  of  the  advantage  attending  a  proper  adap* 
tetion  of  the  figure  of  the  tool  to  tM  work.  It  is  intended  to 
turn  the  flat  h^ids of  the  small  brass  naib  used  in  ship  building; 
these  nails  are  little  more  than  an  inch  long,  and  as  a  very  trifling 
charge  is  made  for  turning  the  heads,  the  operation  reqaires  to 
be  pertbrnied  with  proportionate  expedition.  A  square  hole^ 
which  just  admits  the  shank  of  the  nail,  is  made  in  the  end  of 
the  mandrel ;  the  nail  is  placed  in  this  hole,  the  fly  wheel  set 
agoing,  and  the  tool,  fig.  90,  applied  so  that  the  notch  shall 
ttfuch  the  rim,  and  the  lower  part  of  the  tool  the  fiuse  of  the 
head ;  then  as  the  parts  of  the  tool  thus  applied,  have  both 
cutting  edses,  the  rim  and  tace  of  the  head  are  both  instantly 
turned,  while  the  nail  is  prevented  from  flying  out  of  the  lathe. 
— 'When  one  nail  is  done,  another  is  inserted  without  stopping 
the  fly  wheel,  and  thus  several  hundreds  may  be  done  in  an 
hour. 

Of  ike  ParalUl  Best. 
If  a  tool,  opposed  to  any  Ixxiy  rifvolving  in  a  lathe,  be 
drawn  along,  parallel  to  the  axis  of  the  mandrel,  a  cylinder 
sriH  be  prodacod ;  if  it  move  in  a  line  forming  an  angle  with 
the  axis  of  the  mandrel,  a  conical  figure  wid  be  obtaiim ;  and 
if  it  operate  at  right  angles  to  tte  same  axis,  a  flat  surface 
will  be  the  result.  The  machine  in  which  a  tuminj^  tool  b 
fixed,  to  produce  these  effects,  as  It  is  frequently  appbed  to  the 
turning  o(^  parallel  surfaces,  has  occasionally  obtained  the  name 
of  the  Parallel  ReH. 

Fig.  SI,  pi.  III.  is  a  perspective  view  of  the  parallel  rest, 
lich  most  be  wholly  made  of  iron.    It  consists  of  two  paral- 
lel cheeks,  like  a  lathe,  but  the  standards,  BB,  are  very  short, 
as  the  whole  height  of  the  machine,  to  the  chisel  F,  roust  not 
be  more  than  that  of  the  axis  of  the  mandrel  from  the  bed  of 
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Ike  hilie  in  which  it  i$  ioteiided  to  be  uaed.  Tho  ^taadank^ 
BB,  are  firmly  screwed  to  •  strong  olate  CC,  or,  what  is  still 
belter,  cast  in  the  same  piece  with  toat  plate.  The  cheeks  aie 
waited  to  the  standards  by  four  screws,  in  the  same  manner  as 
those  of  the  foot  lathe  already  described^  The  lower  part  of 
the  beadstock  D  fits  the  space  between  them,  in  the  most 
aoonrate  manner,  so  that  it  cannot  be  thrown  asktfw,  but  yet  u 
not  80  tight  as  to  prevent  its  free  horiaontol  motion.  If  at  aajr 
time  it  is  found  too  slack,  it  may  be  tightened  by  a  screw  «,  at 
the  bottom  of  it. 

The  lower  part  of  the  interior  side  of  each  cheek  is  chamfer* 
ed,  and  the  plate  through  which  the  screw  a  passes,  to  act 
npon  the  heaastock,  slides  between  the  chamfered  portion  of  tlw 
cheeka*  This  armngemcnt  is  shown  in  the  section,  tig.  32 ;  a 
m  the  headstock;  i  6  the  cheeks;  c  the  plate  through  which  tho 
screw  pBMCSf  <md  in  which  there  is  no  screw  thread  requiredi 
d  the  tightening  screw.  On  the  top  of  the  headstock  D,  fig* 
81 ,  there  is  a  rectangnhn'  groove  for  the  chisel  F,  whidi  is  fixed 
in  any  part  of  it  by  a  plate  or  cap  on  the  top  of  the  headstock* 
This  plate  or  cap  is  fiistened  down  by  screws,  passing  perpendU 
Cttlany  through  it ;  two  screws,  in  this  situation,  are  sufficient 
ftr  a  small  machine,  but  four  will  be  required  for  a  large  one. 

To  efiect  the  horiaontal  motion  of  the  headstock  D,  a  screw 
£,  the  nut  of  which  is  in  the  standard  B,  is  connected  with  it 
by  means  of  a  collar,  and  by  turning  the  winch  b  of  this  screw, 
the  motion  required  is  produced.  The  screw  must  be  long 
enough  to  push  the  headstock  to  the  further  end  of  the  space 
between  the  cheeks. 

In  adjusting  the  machine  to  the  bthe,  the  strong  iron  plate 
HI,  fig.  SS,  is  made  use  of.  There  are  two  wide  grooycs  m  it, 
f,  bjr  which,  with  the  help  of  two  bolts,  it  is  fastened  upon  the 
in  the  manner  of  a  rest.  The  heads  of  the  bolts  most 
not  project  above  the  surface  of  the  plate;  therefore  tbe 
grooves  must  be  considerably  wider  at  the  top  than  the  bottom« 
and  the  heads  may  then  be  conntenunk.  On  the  plate  HI  a«a 
also  three  immoveable  cylindrical  pins,  h  i  it,  all  of  them  screw* 
ed  at  the  top  and  fitted  with  nuts.  In  usinir  the  machine,  the 
pbte  CC,  fig.  SI,  is  placed  on  the  plate  ttl,  fig.  S3,  so  that 
the  pins  of  the  latter  enter  the  apertures  I  mnZt  the  fonner« 
The  middle  pin  exactlpr  fills  the  middle  aperture,  and  upon  it  as 
a  centre,  from  the  width  of  the  other  apertures,  the  machine 
has,  without  moving  the  lowermost  phite,  fig.  38y  a  short  range 
back  and  forward,  until  the  nuts  in  it  are  screwed  down  upon 
the  upper  pbte  CC,  fig.  31.  Now  suppose  a  bar  of  irooy 
intenoed  to  oe  formed  into  a  cylinder,  be  put  into  the  lathe^  let 
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<he  machine  be  fixed  so  that  its  cheeks  may  be,  as  nearly  as  can 
be  ascertained,  paiaUel  to  the  axis  of  the  inteiidikl  cylinder,  at  the 
left  hmd  end  of  which  place  the  tool  so  that  it  «liall  taha  off  a 
skodar  shayiag*.  Set  the  lathe  to  work,  and  slowly  tim  At 
winch  i,  tiH  i&  tool  has  completely  traversed  the  bar.  BrnptH 
the  openitioa,  if  necessary,  tiU^the  irv^utavitieff  in  the  figure  of 
the  bar  are  removed,  and  the  tool  has  t<Miched  every  part  of  At 
manAotj  then,  with  a  pair  of  callipers  or  a  gauge,  caEamint 
whether  the  bar^  at  both  ^ds,  is  of  equal  diameter;  i£  vLf 
ineqaality  appear,  the  rest  has  not  been  set  parallel  to  itsaxisi^ 
fend  it,  consMfuenlly,  is  not  a  cytiiider.  The  mailer  is  recCfied 
by  siackening  the  nuts  of  the  pins  A  i  ^,  and  poshing  in  that  side 
of  the  rest,  which  is  oppoeite  the  tliick  end  of  the  bar,  just  half 
the  extent  of  the  error.  The  nuts  being  then  screwed  dowit^ 
and  the  tool  made  to  traverse  the  surfiice  again,  the  cylinder 
wJH  be  completed. 

As  it  has  been  sopposed  thatthe  bar  was,  in  the  ftnt  instaw3K 
hy  some  oversight  or  other,  turned  rather  conical,  the  method 
or  Eioklng  a  r^nkr  cone  with  the  parallel  test,  when  oceaaioa 
inquires,  needs  no  explanation.  When  a  flat  surfiuse  is  to  he 
tonied,  it  must  be  well  secured  to  a  chuck,  the  machine  fisedl 
neross  the  bed  c^  the  lathe,  and  the  cutting  edge  of  the  cUsel 
F  prscisety  on  a  letel  with  the  axis  of  the  mandrel,  or  some 
part  of  the  centre  will  remain  unfinished.  The  tool  may  bo 
made  to  cut  with  so  much  exactness,  that  if  a  rectangular  block 
of  east  iron  were  attempted  to  be  turned  fiat  with  it,  the  ed^ 
vrill  not  be  v^^ged,  when  the  circle  of  revolution,  extending 
beyond  the  raoiter  diameter  of  the  piece,  is  not  complete. 

When  the  chisel  F,  in  the  parallel  rest,  requires  to  be  moved 
ft  little  fiirther  in,  some  chuse  to  idter  it  by  percussicm,  and 
knm  it  only  so  tight  that  the  blow  of  a  moderatdy  sind  hammer 
vriu  drive  it  in;  others  think  it  better  to  reflate  it  by  a  scveii^ 
and  provide  a  frame  for  the  back  of  it,  similar  to  that  at  the  bads 
of  tM  puppet  D,  fi^.  13,  pt.  I,  in  which  the  screw  a  acts  upon 
the  ena  of  the  manord. 

The  section  of  the  AeAs  of  the  parallel  rest,  to  abridce  the 
Ubonr  oi  fiUne,  may  be  made  to  resemble  that  proposed  for  thf 
dMcks  of  the  fiiNDt  bithe,  fig.  9.  pi.  I. 
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Of  ctdiing  Screws  in  the  Laihe* 
•  The  art  of  culliiiff  screws  in  (he  lathe,  constitutes  one  of 
the  most  curious  and  useful  branches  of  the  ait  of  Turning. 
Accordingly,  it  generally  proves  one  of  the  most  interesting 
exercises  to  the  young  practitioner,  who  is  further  sttmnhited  by 
the  celebrity  of  those  who  can  cut  every  description  of  screw 
with  fiM^ility, — an  attainment  commonly  consiaered,  among 
tumeri,  one  of  the  most  decisive  proofr  €£  skill  that  can  be 
exhibited. 

In  proportion  as  tbe  art  of  cutting  screws  has  been  culti- 
'vated,  tne  methods  by  which  the  object  might  be  accomplished, 
have  been  diversified.  We  shall  notice  some  of  those  oontri- 
vances  which  are  least  expensive,  most  easily  reducible  ta 
practice,  and  most  suitable  for  general  use. 

If  the  screw  tool,  fiff.  25,  be  opposed  to  a  cylinder  revolv* 
ing  in  a  lathe,  and  at  the  same  time  be  moved  along  the  rest, 
with  a  regular  horizontal  motion,  it  will  cut  a  screw  on  that 
cylinder,  the  threads  of  which  will  till  the  angular  spaces 
between  the  teeth  of  the  tool.  Fig.  25,  is  an  atoside  screw 
tool ;  if  the  cylinder  had  been  hollow,  and  intended  to  be 
screwed  internally,  the  inside  screw-tool,  fig.  26,  must  have 
been  employed,  whicJi,  when  pressed  against  the  side  of  the 
cavity,  while  drawn  out  horimntally  as  the  cylinder  revolved, 
would  have  produced  the  desired  efiecL  There  is  some  diflicul* 
iy  in  acquiring  tbe  art  of  cutting  screws  in  this  manner,  though 
the  process  is  in  very  general  use  among  experienced  turners.  To 
obvmte  every  disadvantage  which  attends  it,  and  ensure  per* 
feet  precision  in  tbe  operation,  was  tbe  object  of  the  invention 
of  the  traversing  manorel.  Of  this  ingenious  contrivance,  we 
shall  next,  therefore,  endeavour  to  give  the  reader  a  description. 
At  Uie  end  of  the  mandrel  E,  at  e,  fig.  I,  pi.  I,  there  is  a  screw 
about  two  inches  long,  the  tliread  of  which  is  like  that  intended 
to  be  made.  Upon  this  screw,  called  the  guide,  is  fitted  a 
piece  of  wood,  the  motion  of  which  is  entirdy  prevented  by 
ally  mode  of  festening  which  may  be  found  convenient.  The 
piece  of  steel  on  the  headstock  C,  which  fidls  into  the  groove 
of  the  mandrel,  and  hinders  its  horizontal  movement,  beinc 
then  withdrawn,  and  the  great  wheel  turned,  tbe  mandrd 
assumes  at  once  a  rotary  and  rectilinear  motion,  which  is  con- 
tinued till  it  has  gone  so  far,  that  tbe  screw  e  can  no  longer 
turn  in  the  piece  of  wood.  If,  as  soon  as  thb  circumstance 
occurs,  or  a  little  sooner,  the  great  wheel  be  turned  the  contrary 
wav,  the  rotary  and  rectilinear  motion  of  the  mandid  immedi- 
atdy  takes  place  again,  but  in  a  levened  direction.    '^'^' 
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conpomid  modon  of  Che  mandrel,  is  precbelj  ^hat  is  wanted 
to  fiicilttaCe  the  use  of  the  sorew-tool,  which,  while  it  is  going 
on,  only  re^iseB  to  be  hdd  steadilj  upon  the  rest,  against  the 
levolYUig  bod  J,  and  the  screw  will  be  produced.  The  leeth  of 
the  icrew'tool  must  correspond  with  toe  screw  upon  tlie  man- 
drel, as  if  made  by  being  neU  against  that  screw  revolving  in 
a  lathe. 

It  is  customary  to  cut  three  or  four  scr^s,  of  different 
threads,  onebehind  another,  upon  a  tfaversing  mandrel,  as  a 
single  one  would  be  of  little  use.  But  as  even  three  or  four 
screws  ate  often  insufficient  to  meet  the  wants  of  the  artist,  and 
the  length  of  so  many  together  is  awkward  and  inconvenient, 
it  is  better  to  make  a  concave  screw  in  the  end  of  the  mandrel, 
to  which  jiny  variety  of  convex  or  guide  screws  may  then  be 
alternately  attac:hecL — The  revolution  of  the  guide  screw,  with- 
out the  mandid,  may  be  prevented  by  a  screw  s,  near  the  end 
of  the  latter. 

In  cutting  screws,  the  proper  motioa  cannot  be  communi- 
oated  from  a  fly  whael  to  the  mandrel  by  means  of  the  foot 
acting  upon  a  treadle.  If  a  flv  wheel  be  used,  it  must  be 
turned  baickwards  and  forwards  by  a  winch,  through  a  space 
proportionate  to  what  the  guide  screw  will  allow,  so  that  two 
persons  will  be  required  for  the  operation.  But  to  cut  screws 
m  a  foot  lathe,  the  fly  of  which  is  unprovided  with  a  winch, 
and  to  render  one  person  ade<juate  to  the  performance,  .a  cord 
descending  from  a  spring,  as  in  the  pole  lathe,  is  coiled  round 
the  pulley  of  the  mandrel,  and  attached  to  the  treadle,  the 
ranie  of  which  may  be  suited  to  the  occasion. 

With  respect  to  the  mode  of  fastening  the  wood  in  which  the 

Juide  screw  turAS,  a  word  mav  be  expected.  Let  a  stock  oc 
oriiontal  piece,  ar,  be  screwed  to  or  cast  along  with  the  head- 
atoek  C;  let  the  end  of  it  be  tapped  to  receive  the  screw  x,. 
which  mast  be  taken  out  peevioittlv  to  fixing  the  wood  upon 
the  guide  screw  e.  When  the  wood  is  in  its  proper  place  upon 
the  guide,  it  must  hang  down  over  the  end  or  the  stock  tr,  and 
there  must  be  a  hole  in  it  just  large  enough  to  admit  the  screw 
jr,  t^  which  it  can  then  be  made  perfectlv  secure. 

The  nee  of  the  traversing  mmard  will  probably  in  a  little 
time  give  way  to  that  of  the  traversinsr  thmk^  which  was 
iBVOiled  by  Robert  Healy,  A.  B.  of  Dubiia,  and  a  descriotioa 
of  it,  oommanicated  by  him,  inserted  in  the  Philosophical 
Magttrine.  On  the  common  mandrel  A,  fig.  1,  pi.  IV,  is 
acMnrcd  Uie  chuck  B,'  to  which  mfty  be  screwed  the  chucks  of 
the  kthe,  as  B.  Oh  tke  outside  of  this  chuck  B,  is  turned  a 
screw,  whieh  is  fitted  to  as  inside  screw  worked  ia  the  circulaj^ 
4.  Vol.  I.  L 
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Mock  G,  from  which  blook  extends  an  ahn  D,  as  bag  a»  OMiy 
be  thought  fit  for  the  purpose  of  perfnittiar  another  afm  E,  to 
slide  up  and  down  it ;  a  piece  of  itos  shoiud  be  aciewed  to  the 
circular  block  C,  of  such  a  leagih  as  to  be  capable  of  raoriiig 
in  a  groove  that  maj  be  cut  in  the  coUar,  or  ada|^ked  io  iL 
This  piece  of  iron  sboald  be  regular  in  its  shape^  and  wek 
fitted  to  the  groove;  it  is  intended  to  prevent  the  block  C^  6mm 
being  turned  ronad,  and  to  allow  it  oaly  a  steady  rectilinear 
motion.  The  rest,  GFO,  must  not  stand  as  usual  pivalM  1^ 
the  work,  in  cutting  an  outside  screw ;  bot  at  right  angles,  as 
when  an  inside  screw  is  (o  be  cut,  in  order  that  the  fortber  arm 
of  the  rest  F,  may  be  joined  to  the  end  of  the  second  or  inM^ 
mediate  arm  E.  It  is  necessary  that  this  second  or  {ntemedtaie 
arm  E,  shall  be  capable  of  fastening  firm^  the  first  aitai  D,  to 
any  part  of  the  rest,  GF,  as  also  to  have  a  joint  at  each  end  li> 
admit  in  a  horizontal  plane  its  free  play.  Thns^  as  the  lathe 
turns  to  us  or  from  us,  the  arms  must  trayerse  forwards  or  back« 
wards ;  which  gives  a  similar  motion  to  the  tool  H,  that  is  held 
steadily  or  fixed  with  a  sciew  on  the  further  arm  F,  of  the 
rest;  and  thus  a  screw  is  cut  wkh  a  tool  of  a  aiarie  point.  It  is 
unnecessary  to  mention,  that  no  joggling  should  arise  firom  tho 
motion  of  the  arms,  as  that  would  cause  a  fisilure  in  catting  a 
perfect  screw.  If  the  centre  of  the  rest  shoiild  be  drawn  neanev 
Io  us,  and  by  that  means  bring  the  tool  toloser  to  the  iaiermediate 
armE,  then  a  screw  of  a  much  hngersias  wiUbecot;  for  as 
the  rest,  turning  within  its  socket  (the  thumb-screw  for  filing 
H  in  the  pillar,  being  in  this  operation  always  withdrawn)  moves 
on  a  centre,  the  further  the  tool  is  moved  from  this  centre,  the 
greater  vrill  be  the  radius  erf*  the  circle  described,  and  conse- 
quently the  coarser  wiU  be  the  screw;  and,  ere  eersJ,  tlie 
nearer  the  tool  is  brought  to  the  centre^  the  smaller  will  be  the 
radius  of  the  circle,  and  thus  the  screw  will  be  filer.  8hoidd 
the  intermediate  arm  E,  be  connected  with  the  neaier  arm  of  die 
rest  6,  and  the  tool  hekl  on  the  further  one  F,  then  a  left»h«ided 
screw  will  be  cut,  of  a  thread  the  distance  between  the  turns  of 
whidi  will  vary  according  to  the  distance  of  the  point  at  wlmii 
the  tool  is  held  between  the  centre  and  extseme  end;  finri  as  the 
lathe  turns  to  us,  the  anns  leceiTe  a  forwaid  motian,  eKoept  the 
fiirther  arm  F.  of  the  rest,  which  receives  a  bludEwurd  aoiioa  t 
but  when  the  lathe  turns  Iran  us,  Ihen  the  finther  area  mossvasm 
forward  motion ;  and  as  the  tool  meets  the  wood,  an  it  ctits  m 
bA-handed  screw. 

It  may  be  apprehend^  that  a  piece  of  wood  so  fisr  iwniwil 
ftom  the  collar  K,  might  spring  in  Us  aMiiioii ;  bnttiiis  iaity  be 
shTiilril  Irj  nnt  mahlnj  uin  nfths  tiwiaisiM  liinnk  D  tillthr 
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«CTew  is  to  be  turned;  for  as  tbe  cutting  of  it  is  Il^ht  vork^ 
theie  will  be  little  resistance,  and,  of  course,  but  little  spring; 
<K  the  tmversing  screw,  B,  may  be  turned  on  (he  mandrel  A. 
Another  disadvantage  woiild  seem  to  arise  from  tbe  iropoffiibiiity 
ct  eutiiofC' screws  when. the  puppet  head  is  made  use  of,  to 
pwfent  the  apringinff  of  a  lon^  piece  of  wood.  But  this  may 
oe  obviated  by  kogthening  the  intermediate  arm  E,  to  the  part 
where  we  intend  cnlting*the  screw,  and  thus  we  have  the  same 
icrew  as  thftt  of  the  trafersing  one:  if  a  finer  or  coarser  sorew 
tkouid  be  required,  then,  by  having  an  arm  of  the  rest  to  slide 
IB  and  out,  aLod  the  interniediftte  arm  to  be  connected  with  the 
eentie  of  the  rest,  we  have  jast  the  sane  power  of  turning 
aeiewa  as  in  tbe  former  case.  A  socket  S,  is  rqiieaented,  the 
lower  part  of  which  slides  on  the  rest,  and  may  be  fiistened 
iflid^  to  it  by  a  sciew :  the  upper  part,  that  turns  on  a  pivot, 
ndflMts  the  intermediate  am  to  slide  through  it,  which  arm  is 
ImU  stationary  in  it  by  a  screw. 

If  tbe  rest  were  to  make  a  right  angle  with  the  piece  of  wood 
on  which  the  screw  was  to  be  turned,  at  the  commencement  of 
the  pracess,  and  to  become  parallel  to  it  when  the  screw  was 
finshed^  an  approximation  would  take  place  from  a  larger  themd 
to  n  smaHer,  or  vice  versd;  but  it  is  impossible  for  the  rest  to 
faeoome  parallel  to  the  work,  from  the  connection  of  the  arms. 
Now  let  iJbe  travening  arm  D,  lie  in  the  centre  oif  the  sciew  B, 
en  which  it  plays,  ami  kt  the  lest  make  a  ririit  angle  with  the 
wnod  on  which  we  intend  to  cut  the  screw.  The  rest  may  trs^ 
wene  thirty  dcgieos  on  either  side  of  the  right  angle ;  which  will 
not  cnnse  any  sensiUe  appioacimation  in  the  thread,  and  will 
ndmit  n  motion  snfiieiently  extensive  for  tomtng  the  common 
Isngth  of  screws.  Bat  as  the  method  answers  for  a  dioii  scsew 
of  n  few  turns,  that  is  snficient  for  every  purpose.  For,  in. 
Older  to  make  a  long  screw,  there  may  be  three  diffcrant  ways 
todoit: 

.  1st,  At  the  commencement,  the  rest  stands  at  right  anj^Ies 
with  the  wood  on  which  the  screw  is  to  be  cut ;  by  its  describing 
an  airh  of  afow  degprces^  a  short  screw  is  cut;  tbfa  by  bringing 
fanck  the  rest  to  its  original  angle,  the  right  one,  and  sliding 
foiwaad  the  single  pointed  tool  to  the  last  thread  of  the  screw 
thai  was  jnit  out^  we  proceed  to  any  length  by  repeating  the 


Swdly^  When  one  or  two  threads  of  a  screw  are  cut,  by 
nmldng  nae  of  a  common  screw  tool,  the  most  unskilful  hand 
will  ke  abk  to  nontinne  the  screw  to  any  length. 

ddly,  Bhookl  a  side  tool  with  many  teeth,  instead  of  the 
■ag^  pointed  one,  be  made  nseef,  a  screw  of  any  length  may 
be  cnt^  the  rest  describing  its  usual  arch. 
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EWptic  Turning. 

PI.  II,  ezhibifs  perspective  ytews  and  phms  of  tbe  appeialm 
Ibr  elliptic,  or  (as  it  is  vulgarly  caHed)  o?al  turning.  An 
oval  is  smaller  at  one  end  than  tbe  other,  like  an  egg,  and 
therefore  differs  essentially  from  an  ellipse.  In  all  tbe  diflerent 
figures,  1,  S,  5,  6,  7,  and  8,  tbe  same  letters  rdbr  either  to  tbe 
same  things,  or  to  corresponding  parts  of  the  machine. 

Fig.  1,  is  a  front  view  of  the  machine.  IK  is  the  principal 
iron  plate,  to  which  all  the  subordinate  parts  of  it,  except  the 
ring,  (afterwards  described,)  are  affixed.  A  short  screw  W,  is 
riveted  or  soldered  to  this  |>late,  upon  which  the  material  to 
be  turned  must  be  fastened,  either  with  or  without  the  invention 
of  a  chuck,  as  the  nature  or  form  of  it  dictates.  This  screw, 
io  raise  the  back  or  lower  part  of  it  above  the  letel  of  the  pbite 
IK,  has  a  shoulder,  which  affords  a  useful  bearing  to  whatevsr 
is  screwed  upon  it,  and  prevents  the  inconvenience  which  wodU 
otherwise  arise  from  the  projecting  heads  of  tbe  screws  xxxx. 

Fig.  S,  exhibits  the  various  parts  of  the  machine  on  tte 
back  of  the  plate  IK,  at  each  of  the  four  comers  of 
there  is  a  short  square  pillar,  on  tbe  summits  of  which 
placed  the  letters  of  reference,  dddd.  Within  these  pi 
are  placed  two  narrow  side  ribs  or  pieces  of  steel,  //,  whidi 
reacn  the  whole  length  of  the  plate  IK.  Each  of  these  pieces, 
on  the  side  opposite  the  other,  is  bevelled,  so  that  when  phced 
on  the  plate  it  forms  an  angular  groove  in  the  direction  of  its 
length.  The  two  angular  grooves  formed  by  the  pieces//,  are 
fillra  by  the  chamfered  sides  of  the  slider  EF,  which  is  capable 
of  a  free  longitudinal  motion  therein.  When  the  slider  has 
been  put  in  its  place,  two  end  ribs  or  pieces  of  steel  m  m,  are 
placed  within  the  pillars,  dddd^  parallel  to  each  other ;  ther 
bear  upon  the  side  pieces  //,  to  which,  and  to  the  plate  IK, 
they  are  firmly  held  by  the  screws  xxxx.  The  nut  L,  is  cast 
in  the  same  pieoe  with  the  slider  EF ;  in  wsing  theappataius, 
it  is  screwed  upon  the  nose  of  the  mandrel  and  ils  aiie  mmt 
acooniingl V  be  proportioned  to  the  mandrel  fbr  which  it  is  in* 
tended,  ivben  the  end  pieces,  m m,  are  fixed,  the  slider  cannot 
be  thcown  out  of  its  situation  in  the  grooves,  as  they  linut  its 
only  motion,  tlie  longitudinal  one,  to  the  space  between  theos, 
because  the  nut  L  acts  as  a  stop,  at  either  end  to  which  the 
slider  may  be  impelled.  This  efiisot,  however,  thoogh  a 
neosMary  consequence  of  the  construction,  is  acyt  essential  to 
the  excellence  of  the  machine;  the  principal  use  of  the  end 
pieces,  mm^  is  of  a  diflmat  nature.  The  spaoe  bet  worn  them 
is  ejcadly  eqiifil  to  thr  diamder  of  tho  ring  OP,  %•  S,  upon 
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the  ottlside  of  whieh  they  revolvev  when  the  nut  L  is  sciewed 
noon  the  mandrel.  Two  arms,  RS,  are  connected  with  this 
nng,  and  in  each  of  them  flieie  is  a  groove,  nearly  their  whole 
length.  These  grooves  are  exactly  straight  .and  opposite  each 
other,  and  a  line  carried  from  one  to  the  other,  along  the  mid- 
dle of  them,  would  intersect  the  centre  of  the  ring.  The 
pnrjeetion  of  the  ring  above  the  arms,  is  clearly  shown  by  the 
eievatton,  fig.  4. 

The  elliptic  machine  is  connected  with  the  lathe,  and  its 
pecnliar  motion  obtained  in  the  following  manner:  let  EFGH, 
ig.  9,  represent  the  ufiper  part  of  a  headstock,  through  which 
two  holes  have  been  drilled,  at  a  little  distance  from  the  collar, 
the  centres  of  which  holes  are  precisely  in  a  line  with  the  centre 
of  the  mandrel  M ;  let  the  rinff  be  fiistened  to  the  headstock  by 
means  of  two  sciews  1 1,  with  button  headd,  the  shanks  of 
which  pass  Uirough  its  grooves,  and  through  the  two  holes 
made  in  the  headstock,  at  the  back  of  which  tney  can  be  drawn 
tight  by  nuts.  When  the  ring  is  in  this  situatbn,  it  will  be 
peroeired,  that  it  can  only  be  moved  {torn  side  to  side,  and  its 
oeolie,  from  what  has  been  said  of  the  positbn  of  itsgroovea* 
thai  of  the  holes  through  which  the  screws  that  mdm  it 

I,  most  always  be  ia  the  same  horizontal  line  mih  that  of  the 
inaiMlrel.  Tighten  the  nuts  of  the  screws  i  t.  Now  let  the  appa* 
nitas  ABCD,  6a.  S,  be  united  to  the  mandrel,  by  screwing  npm 
it  the  Jint  L  ;  the  inner  surface  of  the  end  ribs .  or  pieces  m  m, 
win  fiEiU  at  the  same  time  upon  the .  outside  of  the  ring.  The 
phte  IK,  if  the  ring  have  been  set  so  that  its  centre  exactly 
coincides  with  that  of  the  mandrel,  will,  when  motion  is  cam« 
municsied  to  it,  revolve  in  a  circle ;  but  if  the  centre  of 
the  ring  be  in  the  smalleit  degree  on  one  side  of  that  of  the 
maodrn,  it  will  revolve  in  an  dlipse,  the  di&rence  between  the- 
oeajwgaCe  and  the  transverse,  or  long  and  short,  diameters  of 
whidiy  will  be  double  the  distance  S^tween  the  centre  of  the 
ling  and  that  of  the  mandrel.  When,  therefore,  the  work  is 
ftstened  to  the  screw  W,  as  in  common  turning  it  is  to  the  nose 
of  the  maodrd,  it  becomes  as  easy  to  turn  an  ellipse  as  ia 
ether  cases  it  is  to  turn  a  cylinder. 

The  slider  EF  ought  to  move  with  great  steadiness,  and  at 
the  same  time  with  fireedom; — ^requisites  which  cannot  be  com* 
bined  without  considerable  accuracy  of  workmanship.  To 
obtaia  an  easy  mode  of  making  the  wearing  parts  of  the 
machine  fit,  and  also  to  lessen  the  friction  in  some  degree,  several 
little  airangements  are  made,  to  some  of  which  it  may  not  be 
improper  to  advert.  The  slider  is  made  of  bell-metal,  or  a 
eoBposition  similar  to  that  already  recommended  for  the  collar 
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of  a  lathe,  and  only  a  narrow  strip  on  each  side  of  it,  toocbet 
Ui€  back  of  tbe  plate  IK ;  the  rest  oi  the  surfiBioe  i»  caat  rather 
lower  than  these  strips,  and  it  theiefore  requires  but  Uttle  labour 
to  make  it  true.  The  other  or  upper  ude  of  the  slidet  EF,  fig* 
II,  is  not  so  thick  as  to  touch  the  end  ribs  m  m^  when  sUdiuy 
under  them. 

In  each  of  the  four  pillars,  ddddy  aie  two  scMWis*  Four  of 
these  screws,  it  unit,  press  upon  the  end  ribs  mm^  which,  bjv 
aoewing  them  1%  can  at  any  time  be  brought  ueares  to  each 
other,  tor  the  purpose  of  correcUj  fitting  i&  ring,  The  si<le 
libs,  in  like  manner,  to  embrace  the  slider  tightly,  may  bo 
brought  nearer  to  each  other,  by  the  four  other  accews^  only 
two  of  which,  r  r,  can  be  seen  is  fig.  9.  The  four  scsews^ 
XXX Xy  the  square  heads  of  which  are  seen  in  fig.  1,  and  theur 
ends  in  fig.  9,  are  screwed  only  into  the  end  nbs  m  m,  Ibey  aie 
lather,  smaller  than  the  holes  in  the  plate  IK,  and  those  iu  tho 
side  ribs,  //,  through  which  they  pass,  otherwise  thesciews  in 
the  pillars  would  not  enable  us  to  drive  the  ribs  further  in* 

F^.  6j  and  6,  ate  two  ekrations  of  the  maoUne,  which 
SKhibit  the  fimn  and  relation  of  some  parts  of  it  to  etch 
other,  moie  clearir  than  the  perspectiye  views.  Fig.  6^  is  the 
aide,  and  fi|^.  6,  the  end  of  the  machme.  The  same  letters  of 
leference  bemg,  as  previously  observed,  placed  upon  the  sane 
thii^,  the  position  of  which  only  is  varied  in  tbe  diiEBsenl 
ligoves,  much  further  description  would  bo  superfluous.  It 
m^y  be  observed,  however,  that  fig.  6^  shows  distinctly,  tha 
bevd  given  to  the  sides  of  the  slid^^F,  aa  weU  as  that  given 
in  a  contrary  direction,  to  tbe  side  ribs//,  in  older  to  fimu  the 
groove  which  receives  the  slider. 

Fiff.  7,  represents  one  of  the  side  ribs,  and  fig.  8,  aneof  tha 
€od  ribs,  separately. 

Tbe  fijrm  given  io  Uie  ring,  fig.  6,  though  aUarjUa  fiat  m 
amall  machine,  would  be  unsuitable  for  a  lam  one.  The  Uasit  0t 
Um  propriety  is  determined  by  the  breadth  of  the  puppet  for  which 
it  la  intended ;  it  cannot  be  wrong,  when  the  poppet  is  faniad. 
tnottgh  to  admit  the  holes  for  the  screws  ii^  fig.  9,  to  be  placed 
io  as  to  allow  the  ring  its  full  lateral  range,  in  which  aaae  it  «air 
be  brought  cloae  up  to  the  mandiel.  But  when  the  ihape  hero 
delineated  ia  inadmissible,  the  grooves  or  openings  mr  the 
■crews,  may  be  formed  witbui  the  ring,  by  two  slout  ribs  on 
aaeh  side  of  its  centra,  and  it  may  then  be  fostensd  to  a  puppc* 
of  customary  duncnsions. 
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MhceUaneons  Remarks  en  Turning. 
The  pMiiel  rest,  already  described,  is  similar  in  principle, 
to  a  macaine  invented  by  Earl  Stanhope,  for  turning  flat  sur- 
iMses.    This  patriotic  Nobleman  found,  that  the  method  of 
alereotyping  invented  by  him,  as  well  as  that  construction  of 
the  printing-press  which  is  distinguished  by  his  name,  could 
not  be  carried  to  the  perfection  he  bad  in  view,  without  devising 
some  method  of  making  large  surfitces  of  cast  iron  accurately 
flat.     He  has  alwa^  had  in  view  the  important  object  of  ren- 
dering the  sncccBsral  application  of  his  inventions  as  rn^pend- 
€bt  as  possible  of  manual  dexterity ;  and,  accordingly,  the  rest 
or  tool  whicdi  he  has  invented  to  perfect  his  stereotype  labours, 
ii,  if  we  judge  by  its  effects,  and  the  manner  in  which  it  is 
wrought,  commemwnrte  at  once  to  his  genius  and  his  wants, 
llamve  bkicks  of  iron,  presenting  a  surfaise  of  eight  cht  nine 
square  feel,  are  turned  by  it  with  wonderful  facility,  and  with  a 
degree  of  exactness  which  will  probably  never  be  exceeded.    It 
js,  like  the  parallel  rest,  peculiarly  adapted  to  the  turning  of 
■Mlab,  and  doabtless  exceeds,  in  the  excellence  of  its  perform* 
Mtto,  every  thing  of  the  kind  before  attempted.     Of  the  con- 
trtvanoes  which  have  been  adopted  to  facilitate,  upon  similar 
winciplcs,  the  expeditious  and  correct  toming  of  wood,  tba(t 
07  Smait,  of  Ordnance  Wharf,  Westminster,  deserves  particu* 
Inr  notice   and   approbation.      The    apparatus  which    this 
ingeaioas  mechanic  nas  invented,  is  used  m  his  manufactory, 
and  when  apfdied  to  a  common  lathe,  enables  one  man,  with 
the  aMstance  of  two  labourers  at  the  great  wheel,  to  turn  six 
hmidiiBd  poltty  each  of  them  a  very  accurate  cylinder,  and  five 
and  «  half  feet  long,  in  the  course  of  twelve  honre.    His  man^ 
drd  rovolvea  twelve  hundred  times  in  a  minute,  in  which  short 
apace  of  time  one  pole  is  finished.     Thp  means  by  which^  he 
atttains  his  object,  have  the  merit  of  not  only  being  efficacious 
but  of  posseirinj?  great  simplicity.    The  gouge  for  routing 
ant  the  woik  is  raaSmed  in  a  block,  or  cutter^frame,  which  is 
nothing  mota  than  a  piece  of  wood,  containing  a  cylindrical 
hole,  mwt  cnongh  to  ne  shoved  over,  without  touching,  \\\t 
work  to  Be  lafned.    The  gouge  passes  through  the  block  int6 
lUs  cavity,  where  its  edge  projects,  just  as  the  blade  of  a 
joinar'a  puna  projects  fmm  the  bottom  of  the  Mock  in  which  it 
it  ind.    The  chisel,  which  succeeds  the  use  of  the  gouge,  is 
festened  in  another  frame  of  a  similar  description.    The  goui 
and  dbuiel  wft  heU  in  their  respective  places  by  screws.    Tl 
femaltiing  piurk'of  tiie  apparatus  consists  of  two  strong  woodetl 
cheeks  j  and  as  these  must  always  be  at  long  at  the  wotk,  it  is 
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best  (o  make  them,  at  once,  the  full  length  of  the  bed  of  the 
lathe,  mcasurri  from  the  middle  puppet.    They  may  form  a 
Bcpamte  frame,  or  they  may  be  fastenod  one  on  each  side  of  the 
middle  and  right  hand  puppets,  parallel  to  one  another,  and 
their  upper  surfaces  in  tne  same  horizontal  plane.      Their- 
position  will  then  be  similar  to  that  of  the  cheeks  of  the  lathe 
itsdfi.     To  giFe  them  additional  steadiness,  if  found  necessary, 
Ihey  may  l^  supported,  in  one  or  two  places,  by  feet  resting 
upon  the  lathe,  or  by  short  puppets  <k  sufficient  breadth  to 
reach  under  them.     On  the  bottom  of  the  gouge  and  chisd 
frames,  there  are  two  grooves,  the  same  sixe  and  distance  from 
each  other  as  the  cheeks,  which  they  are  intended  to  admit  into 
them.    The  cheeks  must  be  of  such  a  height,  that  the  cnttei^ 
frames  can  be  slidden  along  upon  them,  with  the  axis  of  the 
holes,  into  which  the  gouge  ana  chisel  project,  coincident  with 
the  axis  of  the  mandrd,  and  consequently  ooincideni  with  that 
of  the  work.    The  projection  of  the  mandrel,  and  that  of  the 
acrew  in  the  ridbt  hand  puppet,  is  always  rather  more  than  the 
breadth  of  both  the  cutter-lrames  together^  in  order  that  the 
latter,  when  in  use,  may  be  made  entirely  to  clear  the  ends  of 
ibe  pole.    <At  the  eommenoement  of  the  process,    after  the 
cheeks  upon  which  the  outter-frames  slide  have  been  fixed,  let 
the  cutter-frames  themselves,  (that  containing  the  gouge  being 
outermost,)  be  placed  acainst  the  right  hand  puppet,  the  screw 
of  which,  if  fiur  enough  out,   will  then  extend  through  Che 
centre,  and  a  little  beymd  thenl.    The  pole  to  be  turned,  which 
we  will  suppose  already  prepared,  bv  hewing  it  octagonally,  or 
somewhat  rounding  it,  is  fixed  to  the  lathe  in  the  cusConaiy 
manner,  and  the  gouge  firame,  the  men  havine  bemn  to  turn 
the  great  wheel,  is  poshed  along  its  whole  length;  and  the 
tool  being  previously  adjusted  so  as  to  take  off  a  shaviu  of 
sufficient  thickness,  as  soon  as  it  has  cleared  the  end  oTtbe 
pqie,  it  is  left  over  the  mandrel.    The  chisel  frame  is  next 
pushed  along  in  like  manner,  and  thus  it  is  that  one  minute 
■nffices  to  complete  a  very  smooth  and  accurate  cylinder.    It  is 
obviOtts,  that  the  best  pwition  for  the  gouM  and  chisel  in  their 
frames,  will  be  that  which  gives  each  of  them  the  saase  inclinn* 
tion  to  the  surface  of  the  work,  that  is  fimnd  most  advantageous 
in  turning  by  band.    This  mode  of  taming  may  be  classed,  per- 
haps, among  those  inventioiis.  which  evury  one  is  apt  to  wonder 
be  has  not  thought  of,  or  to  bdieve  that  he  could  have  thought 


of,  and  the  very  simnUcity  of  which,  while  it  enhances  theur 
vahie,  and  the  debt  which  the  puhlic  owe  to  him  who  disoovcts 
nod  nNdtes  them  kpowo,  is  one  of  the  asain  ohitacfas  to  the 
discovery  of  them. 
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A  nmnberlesB  variety  of  figures  may  be  produced  in  (he 
Jatbe,  by  rq^ulating  the  action  of  the  tool,  in  iU  advanco  to^ 
or  recess  from  the  face  of  the  piece  exposed  to  its  action. 
Medallions,  and  other  similar  pieces,  have  been  executed  by 
entbnsiasta  in  the  art,  >vho  have  sparcil  neither  expense  in  pro« 
caring  the  necessary  apparatus,  nor  patient  perseverance  in  the 
use  of  it.  In  the  British  Museum,  there  is  a  profile  in  bass- 
relief,  of  Sir  Isaac  Newton,  iw holly  made  by  turning;  the 
resemblance  is  considered  yeiy  correct,  and  the  place  in  \vhich 
it  is  deposited  mav  be  considered  a  sufficient  proof  of  the 
difiicuUy  with  whicn  it  has  been  executed. 

Watch«cases,  snuff-boxes,  and  various  sorts  of  trinkets, 
aie  sometimea  formed  by  what  is  called  rose*WQrk.  Plates  of 
iron  or  brass,  indented  or  waved  in  any  curve  or  form  which 
muy  be  desired,  are  screwed  upon  the  mandrel.  These  plates. 
which  are  called  roves,  serve  as  guides  to  regulate  the  action  ot 
the  tool,  in  producing  a  correspondent  form  on  the  work. 

The  copper  cylinders  used  at  Manchester  in  printing  calicoes 
by  nuchinery,  afford  specimens  of  turning,  or  rather  of  en- 

Saving  in  the  hithe,  of  the  inost  curious  and  interesting  kind. 
othing  can  be  more  beautiful  than  the  workmanship  ot  many 
ot  them^  nor  more  admirable  than  the  efiect  produced  by  their 
nae.  A  whole  web  or  piece  of  calico  is  printed  by  them  in 
three  minuies.  They  are,  in  tlie  first  place,  turned  accurately 
cylindrical,  and  polished  with  aa  much  cace  as  the  copper- 
plates for  common  engraving;  the  pattern  is  then  cut  upon 
them,  and  it  is  this  part  of  the  process,  in  preparing  them  fur 
use,  which  most  remarkably  exercises  the  genius  of  the  artist. 
Two  methods  of  executing  it  present  thraiselvcs — the  graver 
and  the  lathe.  As  the  latter,  for  every  pattern  to  which  it  can 
be  applied,  is  so  much  more  expeditious  and  accurate  than  th^ 
fimner,  a  desire  to  make  use  of  it  in  preference  naturally 
follows;  and  accordingly  it  is  made  use  oif  in  cutting  a  vast 
variety  of  beautifnl  patterns,  to  the  production  of  which  few 
would  consider  any  thing  but  the  graver,  directed  by  the  most 
cooi|>Iele  manual  dexterity,  in  any  d^ee  adequate.  The 
identical  methods  pursued  by  difierent  artists,  in  this  branch  of 
taming,  are  but  little  known,  but  a  ceneral  idea  of  the  nature 
and  pmsibility  of  the  thing  ia  not  of  difficult  comprehension. 
Lit  the  pattern  intended  for  the  copper  be  cut  upon  the  circum* 
feieace  of  a  small  steel  wheel,  which  must  be  made  to  revolve 
upon  an  axis.  Let  this  wheel  be  held  against  the  copper 
cylinder,  which,  when  revolving  in  a  lathe,  will  carr^  it  round, 
and  receive  from  it  an  impression  of  the  pattern  on  its  circun^ 
'fiveoce.  When  one  ring  of  the  pattern  impressed  by  tbe 
4.  Vol.  I.  M 
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^heel  has  been  obtained,  it  is  plain,  that  by  repeating  the 
opnation,  others  may  be  made  at  any  required  distance  from 
each  other.  As  the  wheel  operates  ahnoBt  like  a  punch,  the 
marks  made  by  it  are  a  little  faiaed  itt  the  ed|B^ ;  but  these 
inequalities  are  soon  levelled  by  a  file,  or  the  common  process 
of  turning  and  polishing.  It  may  also  be  observed,  tiiat  the 
cavities  imule  by  the  wheel  most  be  left  rongb  or  notched  at  the 
bottom,  that  they  may  the  better  retain  the  ink  till  they  meet 
the  calico.  To  cot  the  wheel  so  as  to  produce  this  effect,  faci- 
litatrs  its  entrance  into  the  cylinder. 

Practical  directions  for  turning  might  easily  be  multiplied, 
but  the  necessity  for  much  further  minuteness  of  detail  will  be 
removed  by  a  little  observation  and  experience;  yet  we  are 
nnii^lling  to  refuse  a  place  to  a  few  remarks  which  may  be  ac- 
oeptable  to  the  novice.  In  turning  a  hollow  sphere,  the  convex 
surface  is  first  completed,  and  then  perforated  with  a  centre*bit 
to  admit  of  the  tool,  fig.  80,  pL  III,  by  which  the  interior 
may  be  cut  away.  But  as  it  may  not  be  desirable  to  make  a 
Very  large  hole  for  the  admission  of  the  tool,  it  is  customary  to 
perforate  the  sphere  in  six  places,  each  hole  being  made  in  a 
direct  line  to  the  centre,  to  whieh  they  must  all  approach  within 
half  their  diameter.  Thev  are  idso  bored  at  equal  distances 
fiom  each  other,  and  each  hole  is  at  right  angles  with  all  the  rest 
except  one,  to  which  it  is  exactly  opposite.  Hence  the  points 
at  which  these  holes  ought  to  be  made,  may  be  obtained  by 
drawing  circles  upon  the  sphere  which  divide  it  into  quarters ; 
the  Doints  of  intersection  of  these  circles,  are  the  places  sought. 
Place  the  sphere  in  a  chuck,  with  the  axis  or  middle  of  any  two 
of  the  holes  in  the  same  line  with  that  of  the  mandrel.  Turn 
out  a  portion  of  the  interior  from  the  hole  in  front ;  then  in  suc- 
cession bring  every  other  hole  to  the  front,  and  proceed  in  like 
manner.  The  partitions  dividing  the  several  excavations  will 
at  length  be  cut  through,  or  will  be  made  so  thin  that  they  may 
be  cut  from  the  interior  surfiice  of  the  sphere  by  a  bent  saw. 

To  turn  one  sphere  within  another,  cylindrical  holes  as  in 
the  last  case  are  required,  but  the  thickness  left  between  each 
pair  of  opposite  ones,  must  at  least  be  equal  to  the  diameter  of 
the  inner  sphere  intended  to  be  lefL  The  tool  figi  81,  or  that 
fig.  88,  is  used  to  make  the  excavation  or  space  between  the 
concentric  surfaces,  by  entering  in  rotation,  as  before,  the  six 
boles.  By  using  the  tool  represented  by  fig.  18,  or  that  of  fig. 
19,  a  cube  might  have  been  turned  instead  of  the  inner  sphere. 

To  turn  a  series  of  spheres  within  each  other,  the  depth  of 
the  cylindrical  boles  must  be  such  as  to  leave  the  thickness 
between  each  pair  no  morci  or  but  very  Uttie  more,  than  the 
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diameter  of  the  Mfnallest  sphere  intended  to  be  left.  With  form- 
ing this  innerroott  sphere,  the  operation  may  be  most  properly 
bc«un,  and  afterwards  continued  in  rq^ular  progression  to  the 
lariper,  till  at  last  the  one  next  the  exterior  sphere  is  com- 
pleted If  it  be  thought  desirable,  the  spheres  may  haire  thatr 
eyiindrical  holes  proportioned  to  their  respective  size?,  by 
tioring  at  firet  a  littfe  way  with  a  large  centre^bit,  and  afterwarcfs 
nain?  a  smaller  and  a  smaller  one,  in  approaching  the  centre. 

When  the  band  of  a  lathe  is  crossed,  and  the  wheel  is  turned 
with  great  velocity,  it  is  apt  to  wear  by  rubbing  against  itself. 
This  efiect  may  be  prevented  by  interposing  a  pulley  at  the 
crossing  place.  The  pulley  may  turn  upon  a  pin  at  the  end  of 
a  piece  of  wood  rismg  ashint,  and  attached  to  the  cheek  of  the 
kthe^  or  lastened  io  tne  floor. 

The  number  of  turns  which  the  mandrel  ought  to  make  in 
a  given  time,  must  be  varied  according  to  the  nature  of  the 
material  in  the  lathe.  The  velocity  of  rotation,  for  wood,  can 
scarcely  be  too  swift ;  it  most  be  rather  slow  for  lead,  pewter, 
brass  and  bell-mrtal;  still  slower  ibr  cast  iron,  and  slowest  of 
all  for  forged  iron  and  steel.  The  reason  for  these  limits 
appears  to  be,  that  a  certain  time,  varying  with  the  material, 
is  requbite  for  the  act  of  cutting  to  take  place,  and  that  the  tool 
iteell,  if  much  heated,  will  instantly  become  soft  and  cease 
to  cut.  In  a  lathe  turned  bv  the  foot,  three  turns  of  the  pulley 
of  the  mandrel,  for  one  of  the  fly  wheel,  will  be  found  suffici- 
ently quick  for  iron;  four  or  five  turns  of  the  pulley,  for  one  of 
the  fly,  may  be  allowed  to  brass ;  and  ten  or  twelve  will  not  be 
too  mnch  for  wood.  As,  however,  in  turning  a  birge  fly  wheel 
very  sbwiy,  to  produce  the  required  slow  motion  of  the  man- 
diel,  would  occasion  the  loss  of  the  power  gained  by  its  in^. 
eieasing  momentum  when  swiftly  revolved,  a  small  wheel  may 
be  placed  on  the  same  axis.  This  small  wheel  mav  receive  the 
band,  and  the  sise  of  it  may  be  so  proportioned,  that  it  may  bi 
tamed  with  the  large  one  as  swiftly  as  we  [dease,  without  makmg 
the  velocity  of  the  mandrel  too  great. 

The  temper  of  the  toob  em[MQyed  in  turning  iron  and  steel, 
when  they  are  annealed,  is  not  commonly  higher  than  purple. 
But  when  the  inequalities  of  steel  have  been  reduced,  and  it  is 
required  to  cut  it  extremely  clean,  the  use  (^  a  sharp  hard  tool 
will  be  advantageous.  Steel  and  cast  iron  at  a  high  temper  also 
require  a  very  hard  tool,  and  the  angle  forming  the  edge  of  th^ 
tool  must  be  considerable,  if  equal  to  seventy  or  eigbt|r  degree^, 
it  will  not  be  too  obtuse.  Steel  and  iron  are  cut  more  Ireely^ 
if  kept  wetted  with  water,  or  thinly  covered  with  oil  of 
jtallow. 
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When  iron  and  steel  are  to  be  tunied  in  a  small  lathe  oF 
little  ]M>wcr,  as  soon  as  the  work  is  fixed,  it  is  with  many  a 
practice  to  nic|»  it  all  round  with  a  graver,  in  one  or  two  phoes; 
if  the  nick  be  deeper  on  one  side  tlian  another,  a  file  is  em- 
ployed to  make  it  every-where  alike ;  and  when  this  has  beat 
done,  the  power  required  to  finish  it  may  be  very  inconsi- 
derable. 

The  bank,  or  upper  part  of  the  rest,  upon  which  the  tool 
is  held,  is  short,  oroad,  unpolished,  and  yerpr  stfongy  for 
metallic  work,  in  order  that  the  tool  may  be  steadied  upon  it  inr 
the  most  effectual  manner;  but  in  turning  wood,  it  is  long^ 
narrow  on  the  top,  and  polished,  so  that  the  tool  can  be  swift^ 
dided  fk'om  end  to  end.  To  a  foot  lathe,  the  bank  of  the  rest, 
for  metal,  is  seldom  made  more  than  three  inches ;  while  for 
wood  its  length  is  twelve  or  fourteen  inches.  In  turning  bed- 
posts and  other  things  of  great  length,  a  piece  of  wood,  the 
whole  length  of  the  work,  is  made  use  of  as  a  rest,  to  prevent 
the  trouble  of  those  frequent  removals  which  the  common  rest 
would  require.  With  a  like  view  of  saving  time,  the  rest,  for 
globular  work,  is  often  made  of  a  semicircular  fornu 

When  the  work  is  too  long  and  slender,  to  bear  the  action* 
of  the  tool  without  yielding,  it  is  supported  in  its  proper  place, 
from  the  back,  by  a  frame,  which,  like  the  rest,  can  be  fixed 
in  any  situation,  and  carries  an  arm  with  a  semicircular  exca* 
vation  in  front.  This  opening  admits  the  work,  to  which  it  it 
brought  close  up,  and  which  it  prevents  from  being  thrast  back 
by  the  tool. 

When  the  material  which  has  been  turned  is  wood,  and  it 
has  been  made  as  smooth  as  possible  with  the  chisel,  or  other 
edge-tool  which  its  peculiar  form  may  have  required,  it  may  be 
poDshed  with  shark's  skin,  or  Dutdi  rushes.  The  shark*s  skin^ 
b^ing  obtained  from  diflerent  species  of  that  fish,  is  sometimes 
of  a  reddish  and  sometimes  of  a  dark  grey  hue,  without  any 
material  diflerence  of  quality ;  it  is  too  roiigh  for  polishing  at 
first,  and  therefore  must  be  worn  a  little  oy  usin^  it  to  the 
tougher  kinds  of  work,  before  it  is  applied  to  this  purpose. 
The  Dutch  rush  is  the  equisetum  hyemate  of  Linnanis;  it  grows 
in  moist  places  among  the  mountains,  and  is  reroarkabfe  for 
having  flinty  particles  in  the  substance  of  its  leaves,  which 
render  it  so  useful  in  polishing.  It  has  a  naked,  simple  and 
round  stem,  about  the  thickness  of  a  goose  quill.  The  oldest 
plants  are  the  best.  Before  they  are  used,  they  should  be  moist- 
ened a  little  with  water,  otherwise  they  presently  break,  and 
become  almottt  useless.  The  use  of  the  rush  is  particularly 
proper  for  hard  woods,  such  as  box,  Uguum-vitaB,  or  ebony. 
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After  ImTiilg  well  smoothed  tip  the  work,  it  should  be  rubbed 

Sntly  either  with  wax  or  oltye  oil,  then  vriped  clean,  and 
ished  faj  nibbfai^  it  with  a  doth  or  its  owq  shavinrs. 
iToiy,  horn,  stiver  and  brass^  may  be  sraoothecf  with  files, 
or  with  pulverized  pumioe-stone^  laid  ujoon  leather  or  a  cloth  a 
little  moistened.  When  a  very  fine  surface  is  required,  tripoii, 
and  afterwards  oxide  of  tin,  may  succeed  the  use  of  the  pumice- 
stone.  To  polish  iron  and  steel,  after  they  have  been  made  as 
smooth  as  possible  with  files,  very  fine  flour  of  emery  is  mixed 
with  oil,  and  laid  upon  two  pieces  of  soft  wood,  betirecn  th€ 
snrfiusesof  which,  tuns  coated,  the  work  is  presmrd  and  made 
to  levolve. 


Of  TIMBER. 

From  a  view  of  the  properties,  uses,  and  principal  model 
of  working  Uie  metals  in  most  oonmMm  use,  we  now  proceed 
to  details  ^  a  similar  kind  respecting  timber.  One  description 
of  the  mechanical  operatbns  belonging  to  this  subject,  have, 
iodeed,  steady  been  anticipated  by  the  sections  devoted  to  the 
mixed  art  of  Taming,  to  which  both  wood  and  metals  are  alike 
extcnsivdy  subjected;  but  much  3^  remains  to  be  adverted  to, 
which  forms  a  proper  part  of  the  knowledge  of  the  turner^ 
(iioagh  moie  particnhirly  subservient  to  the  purposes  of  the 
caqpenter,  the  joiner,  the  millwright,  and  the  cabinet*maker. 
We  shall  commence  with  an  ennmmtion  of  the  most  useful 
aorta  of  wood,  with  a  few  nemarks  on  their  properties,  their  uses, 
aod  the  best  methods  of  seasoning  timber  m  geneml. 

Of  all  the  diffisrent  kinds  of  timber  produced  in  this 
eoontiT,  oak  is  the  best  for  building,  and  for  almost  every  pur« 
pose  of  rural  and  domestic  economy,  particnlarly  for  staves, 
laths,  and  spokes  of  wheels.  Even  when  it  lies  exposed  to  air  and 
water,  it  is  preferable  to  almost  all  other  woods ;  and  as  it  is 
besides,  hard,  tongh,  tolerably  flexible,  and  not  very  apt  to 
apyoter,  Hs  exoelTence  for  ship-building  is  unequalled.  Its 
quality  is  improved,  if  the  tree  be  suffered  to  stand  three  or 
four  years  after  it  has  been  barked,  as  it  thus  becomes  perfectly 
dry,  the  inspissated  sap  renden  it  much  stronger  than  the  heart 
of  those  trees  which  have  not  been  stripped,  and  its  hardness, 
weight,  and  durability,  are  also  increased. 

Beech  is  also  a  wood  of  great  utility ;  it  is  very  tough  and 
white  when  young,  and  of  great  strength;  but  liable  to  warp 
very  much  when  exposed  to  the  weather,  and  to  be  worm-eaten 
when  us^  wtthm  doors.    Its  greatest  use  is  for  planks,  bed* 
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Steads,  chain,  and  other  household  goods;  and  for  these 
purposes,  it  seems  almost  as  necessary  to  the  cabinet-makets 
and  tumera  of  the  metropolis,  as  oak  is  to  the  ship-bailder. 
The  worm  by  which  it  is  so  liable  to  be  destroyed,  b  supposed 
principally  to  feed  op  the  sap  that  remains  in  the  wooo,  con* 
sequently  the  best  metuud  of  presenring  it,  is  to  extract  the  food 
on  which  the  worm  subsists.  For  this  purpose,  scantlings  of 
beech,  when  large,  should  be  laid  to  soak  in  a  pood  for  several 
weeks,  according  to  the  siie  of  the  timber,  and  the  season  of 
the  year.  In  the  heat  of  summer  the  desired  eflfect  is  more 
speedily  produced.  Generally,  beams  and  thick  planks  should 
remain  about  twenty  weeks  in  water;  joists  and  rafters  about 
twelve  weeks ;  and  the  thinner  boards  about  two  months.  As 
the  planks  or  boards  are  in  dancer  of  warping,  ivhen  exposed 
to  dry,  they  should  be  sheltered  from  the  sun  and  rain ;  laths 
ought  to  be  placed  between  the  boards,  to  prevent  their  con« 
tact,  and  the  whole  pressed  b^  a  considerable  weight,  if  they 
are  large  pieces,  for  beams,  joists.  Sec.  they  need  only  be  left 
to  dry  gradually  under  sheds.  Beech,  by  these  means,  will  be 
rendered  as  good  and  durable  as  elm ;  but  when  it  is  used  for 
building,  it  is  advisable  to  prepare  that  part  of  the  timber 
which  touches  the  brick  work  with  a  thick  coot  of  pitch,  to  guard 
it  against  the  eflects  of  moisture.  If  the  wood  have  been  felled  in 
the  heat  of  summer,  the  sap,  of  which  it  is  tlien  AiU,  mav  be 
more  readily  extracted  than  if  it  be  felled  in  winter.  W  hen 
this  wood  is  intended  for  small  work,  such  as  chairs,  turnery, 
and  the  blocks  of  joiner's  planes,  it  is  recommended  to  boil  it 
in  water  for  two  or  three  hours.  This  mode  oi  preparing  it 
extracts  all  the  sap ;  makes  it  work  more  smoothly,  and  tea&n 
it  more  beautiful  and  durable. 

The  consumption  of  dm  is  very  considerable;  it  is  very 
tough,  pliable,  and  the  best  kinds  of  it  are  very  hard ;  it  does 
not  readily  split,  and  bears  the  driving  of  bolts  and  nails  into  it 
better  than  any  other  wood.  It  is  used  for  making  axletrees, 
■iill*wheds,  keek  of  boats,  water-pipes,  chairs  and  coffins.  It 
is  frequently  changed  by  art,  so  as  to  make  an  excellent  resem* 
blanoe  of  mahogany.  For  this  purpose,  planks  of  it  are 
stained  with  aqum>rtis,  and  rubbed  over  with  a  tincture,  of 
which  alkanet  root,  aloes,  and  spirit  of  wine,  are  the  principal 
ingredients. 

Wild  chesnut  timber  is  very  durable,  and  is  by  many 
esteemed  as  good  as  oak.  It  seems  to  have  been  much  used 
formerly  in  building ;  it  excels  oak  in  two  respects,  namelv,  it 
crows  nster,  and  t&  sappy  parts  of  it  are  more  firm,  and  less 
BaUe  to  corruptioii.    At  the  age  of  eighteen  or  twenty  moothsi 
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ii  may  be  cut  for  hop-poles,  for  ^hicli  it  is  Tery  servioeable.  it 
is  supcriw  to  elm  for  jambs,  and  several  other  purposes  of 
boose-carpentry ;  but  on  account  of  its  possessing  a  precarious 
brittleness,  which  renders  it  unsafe  for  beams,  it  ought  not  to 
be  employed  in  any  situation  where  it  will  have  to  support  an 
uncertain  weight  or  strain.  Perhaps  this  is  the  principal  reason 
why  it  has  mther  fallen  into  disuse  for  building.  It  is  generally 
acseed,  that  it  is  pecniliarly  excellent  for  casks,  as  it  neither 
snrinks,  nor  changes  the  taste  or  colour  of  the  liquor.  It  is 
oAen  converted  into  articles  of  furniture,  and  may  be  made  to 
imitate  mahogany,  by  rubbing  it  over  with  alum  water,  then 
bmsbing  it  with  a  hot  decoction  of  logwood,  and  lastly  with  a 
decoction  of  Brazil  wood. 

Ash  is  a  very  useful  wood,  which  possesses  the  very  remark- 
able  property  of  being  almost  equally  good,*  whether  cut 
young,  or  at  full  maturity.  It  is  tough,  hard,  and  moie 
elastic  than  most  woods.  It  serves  in  buildings,  and  for  any 
other  use,  when  screened  from  the  weather.  It  is  much  used 
for  making  implements  of  husbandry,  particularly  hoppoles, 
also  for  handspikes,  oars,  and  the  handles  of  toob,  sncn  as  the 
axe,  adae.  Sec. 

Walnut-tree  is  excf^Ilent  for  the  joiner's  use,  and  was  in 
mat  request  for  all  the  best  articles  of  furniture  till  superseded 
by  mahogany;  it  is  still  in  repute  for  the  best  grained  and 
coloaied  wainscot;  with  the  gunsmith  for  stocks;  with  the 
coach-maker,  for  wheels  and  the  bodies  of  coaches;  with  the 
cabinet-maker,  for  inlavings,  especially  the  firm  and  close 
timber  abbot  the  root.  To  render  tnb  wood  the  better  coloured, 
joiners  put  the  boards  into  an  oven,  or  lay  them  in  a  warm 
stable;  and  when  they  work  it,  polish  it  over  with  its  own  oil 
very  hot,  which  makes  it  look  black  and  sleek*  The  oldest 
wood  is  the  most  valued. 

The  wild  pine-tree,  called  in  this  country  the  Scotch  fir, 
from  its  growing  natumlly  in  the  mountains  of  Scotland,  fur- 
nishes the  best  red  or  yellow  deal,  so  much  emplojred  in  the 
making  of  masts,  floors,  wainscots,  tables,  boxes,  and  for  num- 
berless other  purposes.  The  wood  is  very  resinous,  and  the 
most  durable  of  any  of  the  kinds  of  fir  yet  known.  The 
wood  of  the  black  and  white  spruce  firs,  is  very  light,  and 
decays  when  exposed  to  the  air  for  a  considemble  length  of 
tine;  it  is  chiefly  employed  for  packing  casea^  musical  instru- 
ments, and  the  like. 

Deals,  or  common  fir  boards,  may  be  much  hardened  and 
improved,  by  immersing  them,  as  soon  as  they  are  sawn,  in 
salt  water  fos  three  or  four  days,*  caie  being  taken  to  turn  them 
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frequently  during  that  tinie.  TJie^  ahouM  then  be  dried  bj 
exposing  them  to  the  sun  and  air;  but  neither  this^  nor  any 
other  mode  of  preparing  them  yet  known,  will  prevent  their 
•hrinkinff.  The  shrinking  is  greatest  transversely ;  in  the  direc* 
lion  of  tne  length  of  their  fibres,  when  once  well  seasoned,  they 
dirink  so  little,  that  a  piece  of  deal  is  highly  esteemed  for  tw 
rod  of  a  pendulum. 

The  timber  of  the  larch-tree  is  possessed  of  many  veiy 
Suable  properties.  It  is  exempt  from  the  depredations  of 
wonns;  it  is  peculiarly  calculated  for  ships*  masts  and  the 
tniilding  of  vessels,  or  for  strengthening  the  wooden  frame* 
work  of  bridges ;  finr  it  is  capable  of  supporting  a  much  greater 
weight  than  the  oak  itself,  and  almost  petri&s  under  water. 
It  iSw  resists  the  influence  of  our  climate,  and  is  excellent  for 
gates,  pales,  shingles,  and  other  works  which  are  exposed  to 
all  the  yicissitudes  of  the  weather.  Houses  constructed  wiUi 
laich  timber,  have  a  whitish  cast  for  the  fint  two  or  three  years; 
after  which  the  outside  becomes  black,  while  all  the  joints  and 
crevices  are  firmly  cloaed  with  the  resin  extracted  from  the  pom 
of  the  wood  by  the  heat  of  the  sun ;  and  which,  being  harden- 
ed by  the  air,  forms  a  kind  of  varnish,  not  inelegant  in  its 
^ipearaace.  Baildin«  constructed  with  it,  have  been  observed 
to  remain  sound  two  nundred  years.  No  wood  afibrds  mors 
dnraUe  staves  for  casks,  and  the  flavour  of  the  wine  is  at  the 
same  time  preserved.  .  The  charcoal  made  from  the  larch  is  not 
only  much  superior  in  quality,  but  in  quantity,  to  that  made 
from  a  like  measure  of  the  fir  tree. 

The  common  cedar  (of  Lebanon)  is  a  species  of  the  pin^ 
dee.  The  character  of  its  wood  is  well  known,  and  firmly 
established.  Its  unifinrmity  and  softness  reoommends  it  to  the 
wse  of  the  manufiurtorer  of  black-lead  pencils;  while  its  neat 
i^pearance,  and  its  not  being  liable  to  the  depredationB  of 
worms,  occasions  a  great  demand  for  it  from  the  cabinet- 
maker. It  is  adminUy  calculated  to  withstand  the  efieols 
of  moisture. 

The  diflierent  species  of  poplar  trees,  supply  timber  much 
used  instead  of  fir ;  it  looks  better,  and  is  tolerably  tough  and 
hard.  Poplar  wood  is  not  very  subject  to  the  ravara  of  wocma. 
Bor  to  warping  or  shrinking.  It  is  advantageoudy  empiojed 
fcr  wainicotting  and  floors,  as  well  as  fi>r  water-pipes,  packing 
hoses  and  tnnery  warns.  For  hrdsteads  it  is  deemed  uaanit- 
able,  as  it  is  considered  more  liable  than  other  woods  to  be 
infrsted  with  bius. 

The  wood  oTthe  biich  or  aider  tree,  diflfas  not  very  mate- 
riatty  from  that  of  the  poplar,  either  in  quality  or  use.    The 
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aoles  of  what  are  called  wooden  shoes,  and  women*s  shoe  heels, 
are  made  of  it.  It  is  also  much  used  by  the  turner,  for  bowls 
and  dishes  of  all  sorts. 

The  whitest  and  finest  kinds  of  maple,  are  used  by  cabinet- 
makers  for  inlaying.  On  account  of  the  lightness  of  this  wood^; 
it  is  frequently  used  for  musical  instruments.  It  is  excellent  for 
the  use  of  the  turner ;  cups  made  of  it  may  be  turned  so  thin  as 
to  transmit  light.  These  characteristics  beldng  more  particnlarly 
to  English  maple,  which  is  also  well  known  under  the  name  of 
sycamore  or  plane  tree,  and  when  ^rown  on  favourable  sitna* 
lions,  is  almost  as  hard,  white,  and  beautiful  as  holly.  Thcr 
American  maple  is  mostly  of  a  dull  light  brown  colour;  it  is  » 
softer  wood,  and  its  grain  has  some  slight  resemblance  of  that  of 
the  cherry-tree. 

Pear-tree  wood  is  smooth,  light,  and  compact;  vety 
suitable  for  the  turner's  use,  and  when  stained  black,  makes  a 
good  imilatbn  of  ebony,  for  picture  frames,  and  similar  arti- 
cles. It  is  sometimes  engtaveu  upon,  but  for  this  purpose  it  is 
much  infi^rior  to  box  and  even  to  holly. 

The  wood  of  the  cherry-tree  is  smooth,  tough,  yellowish, 
with  a  grain  tike  the  commoner  kinds  of  mahogany,  of  which, 
with  a  very  little  assistance  from  staining,  it  makes  an  excellent 
imitation.  It  is  therefore  used  for  the  middling  qualities  of 
famiture,  by  tlie  cabinet,  clinir,  and  bedstead  makers. 

The  yew-tree  was  formerly  cultivated  for  the  manufacture  of 
bows,    bot  since  the  decline  of  the  demand  for  it  on  this 
aeoount,  it  has  been  much  neglected.     I'he  wood  is,  however, 
ndnable,  though,  like  the  two  la^t  kinds,  not  very  alMindant; 
it  is  hard  and  smooth,    beautifully  veined  with  red  streaks, 
admits  of  a  fine  polish,  and  is  almost  incorruptible.     It  is  em- 
ployed by  the  turner  and  cabinet-maker,  the  millwright  and  the 
engraver.      It  may  therttfore  be  seen  in  tables,    chairs,  cups, 
spoons,    toys,    ornamental  tea-caddies,   urns,  &c.      Converted 
into  axletrees,   cogs  for  mill  wheels,  and  floodgates  for  fish- 
pmds,  it  u  found  very  proper  and  durable.     By  the  engraver 
it  is  only  used  for  Lirge  and  coar^se  work. 
*     Of  all  hard  woods,  that  of  the  holly  is  the  whitest,  and  is 
modi  used  for  inlaying,  especially  under  thin  pfaites  of  ivory. 
It  is  excellent  for  the  use  of  the  turner,  and  is  highly  prized  by 
tke  miUwricbt  for  the  cogs  of  wheeb;  it  also  makes  the  best 
handles  and  stocks  for  tools,  flails,  the  best  riding  rods  and 
carters'  whips,  bowls,  sheaves,  and  pins  for  blocks.    Next  to 
box,  it  is  Uie  most  suitable  wood  for  the  use  of  the  engraver.    1% 
is  toDgher,  bot  not  so  hard  as  box. 
4.  Vol.  I.  N 
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Bm  ift  tbe  only  European  wood  which  will  sink  in  water* 
Its  closenett  of  grain,  baraneBs  and  tougbnen  are  rach,  at  t# 
render  it  admirably  adapted  (o  the  purposes  of  the  engraver  on 
wood.  The  engraTiog  u  always  made  on  the  end  of  the  wood, 
so  that  the  films  stand  perpendicularly.  When  cut  in  this 
manner,  the  giaver  will  make  a  dean  stioke  in  every  diieclion{ 
and  the  piece  is  liable  to  warp  but  little.  When  cut  pbiakwise, 
bojcwooa  is  extremely  apt  to  warp,  unkn  very  well  seasoned. 
Ko  kind  of  wood  tnms  smoother  than  this,  and  its  ydlow 
colour,  when  it  is  well  polished,  is  very  beautiful ;  it  is  much 
BSed^for  pulleys;  for  shuttles ;  for  the  bottoms  of  joiners'  planes^ 
especially  their  moulding  planes;  and,  in  short,  is  valuable  for 
every  purpose  requiring  wood  which  will  bear  friction  welL 
When  ivory  would  be  too  expensive,  or  cannot  he  obtained  of 
Hie  lequisite  dimensioiu,  boxwood  is  commonly  the  substitute 
for  it.  Hence  the  consumption  of  it  for  combs,  button*moulds, 
knife  handles,  and  particumrly  for  mathematical  instruments,  is 
very  considerable.  The  bitter  quality  of  boxwood  secures  it 
from  the  attacks  of  worms. 

.  Ebony  is  an  exceedingly  hard  and  heavv  kind  of  foreign 
wood,  of^a  very  smooth  even  grain,  susoeptitue  of  a  rensarkably 
fine  polish,  and  on  that  account  used  in  mosaic  and  inlaid 
works,  f<Nr  toys,  &c.  It  is  of  various  colours,  most  usually 
black,  brown,  red  and  green.  The  Uack  is  the  kind  most 
lenmlly  known,  and  pitferred  to  that  of  other  coloun.  The 
best  is  a  jet  black,  free  from  veins  and  rind,  vei^  massive, 
astringent,  and  of  an  acrid  pungent  taste.  EStiony  is  not  in  so 
much  demand  as  formerly,  firom  the  improvements  which  have 
been  made  in  giving  other  hard  woods,  especially  the  holly,  a 
Uaok  colour.  It  is  used  for  parallel  rulers,  and  other  mathema- 
tical instruments  not  requiring  to  be  marked  with  figures,  which 
the  darkness  of  its  colour  would  prevent  from  being  distinctly 
aeen.  It  is  brought  from  Madagascar,  the  Mauritius,  and  tm 
West  Indies.  The  tree  of  the  West  India  kind  is  seldom  move 
Chan  dghteen  feet  high,  and  the  trunk  five  or  six  inches  ia 
diameter. 

LignunHVftse  is  another  foreim  wood,  firm,  solid,  ponder- 
ous,  f«ry  resinous,  of  a  blackisn  yellow  oobur  in  the  middle, 
and  a  hck  aromatic  taste.  It  is  a  native  of  the  West  Indies,  and 
the  wanner  parts  of  America.  It  is  of  considerable  utility  in 
llieaits;  by  the  sugar  planters  it  is  maonfectured  into  wbeeb 
and  oogs  for  sugar  mills.  The  sheaves  or  pulleys  in  ship  blocks 
nie  mostly  madte  of  this  wood,  which  is  also  frequently  formed 
into  bowls,  mortars,  and  various  utenrils*  It  is  much  used  by 
the  tuner,   making  excellent  caslDcs,  handles  for  look,  and 


BfalMgwy* 

«lber  sinsU  wave;  but  as  it  is  dxpenaiye,  hard  to  wotk,  ami  not 
wet  J  remafkabk  for  ite  beauty,  it  ia  in  IHtle  denund  for  the 
cabinrt^iiuiker. 

Mahogasy  is  one  of  the  anost  valnable  woods  imported  intA 
this  ooantry,  and  the  tree,  growing  in  full  maturity,  is  one  of 
ibe .  noblest  productions  erf"  natiire,  attaining  oAsd  the  oMijestic 
height  of  one  hundred  feet.  Mahogany  balks  are  oftdn  ttarei 
or  mr  feet  in  diameter,  and  the  diameter  of  one  blely  imported 
into  Lancasler  ncasoted  five  feet.  Malionny  varies,  ver^ 
Biach  in  quality ;  that  ffiewn  on  rocks  is  thekardest,  beariest, 
ebsest  in  the  grain,  and  most  beautifully  Teincd ;  and  Jamaioa 
wood  is  preferable  to  that  obtained  on  the  coast  of  Cuba  and 
Ae  Spanish  Main^  on  aoconnt  of  its  being  mostly  found  oq 
locky  eminences,  while  the  hdiat  is  i;ut  in  swampy  soils  near  the 
sea  coast,  and  is  light,  porous^  pale  coloured,  and  open  gsained. 
On  s^s  neither  iwky  nor  swampy,  the  wood  is  of  a  medium 
axcelience*  Hence  a  good  idea  of  the  value  of.  a  parcel  ot 
maboffaoy  may  be  formal,  if  we  know  correctly  the  nature  of 
tte  soil  upon  which  it  grew.  Diflerent  parts,  however,  dP  the 
trunk  of  the  same  tree,  vary  somewhat  in  anality,  and  in 
felling  the  tinrber,  the  most  beautiful  portion  of  it  is  commonly 
Irit  behind.  The  negro  workmen  raise  a  scafiblding  of  four  o# 
fffe  feet  elevation  from  the  grouml,  and  hack  up  the  tronk^ 
which  they  cot  into  balks.  The  part  below,  exlending  to  the 
loot,  is  not  only  of  larger  diameter,  but  of  a  closer  texture 
than  Uw  other  parts,  most  degantly  diversified  with  shades  or 
eioods,  or  dotted  lilw  enoioe  with  spots.  This  part  is  only  to 
be  come  at  by  digging  below  the  spur,  to  the  depth  of  two  or 
three  feet,  and  ealting  it  through ;  an  operation  too  laborious 
to  be  often  attempted. — ^The  venask  just  made,  witk  respect  te 
the  superiority  of  the  wood  of  the  raahemny.tree,  near  the 
earth,  is  applicable  to  timber  in  general,  and  ought  not  lo  escape 
the  obses  ration  of  those  who  are  desiroos  of  selecting  toe 
choicest  portion  for  particular  purposse.  The  eacauisite  beautjr 
of  the  finer  kinds  of  mahogany,  the  incomparable  lustre  m 
which  it  is  susceptibk,  exempt  also  from  the  depredations  of 
worms,  hard,  dnrable,  warping  and  shrinking  very  little,  it.  is 
pre-eminently  calcmlated  to  suit  the  work  of  the  cabinet-maker. 
Aoeordingly,  theseadmirabie  properties,  added  to  its  abundance^ 
and  the  largeness  of  ita  danensions,  have  occasioned  it  to*,  be 
mannfectardl  into  every  description  of  furniture;  From  its 
being  so  little  subject  to  shrink  and  warp,  it  is  particubrly 
excellent  and  much  used  for  the  patterns  of  iron  and  brass 
fennders,  espedalty  for  the  patterns  of  wbsel^work  and  other 
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kad  bcm  fcrnrd  but  yoienkiy.  Casks  charred  in  tfae  ioiide  oie 
used  to  preserve  water  mnoerrupted,  and  ate  partieolariy  to  bo 
lecommeBded  for  kMig  voyages.  Cbarrin<,  also^  is  the  best 
ptepaiation  which  piles,  or  any  kind  of  stakes,  intended  to  be 
driven  into  the  frvonnd,  can  receive. 

When  boards  or  planks  have  been  properly  seasoned,  witk* 
out  charring,  additional  care  becomes  necessary  to  preaervo 
them  against  the  depredations  of  woroMi,  the  effects  of  air,- 
■MHstare,  Ac.  For  this  povpose,  Evelyn  directs  oonuno» 
enlpbnr  to  be  pnt  into  a  ^ass  retort,  with  as  mack  nitnms  aeid 
as  will  cover  it  to  the  depth  of  abont  two  inches.  The  whole 
mvsl  be  distiHed  (o  dnrness,  and  rectified  two  or  three  times. 
The  rsmaitting  sulphur  is  then  to  be  espesed  to  the  open  air  on 
m  marble,  or  in  a  shallow  glass  vessel,  where  it  will  liquefy  into  m 
kind  of  oil,  with  which  tM  timber  mast  be  rabbed  over.  Thia 
mixtnve,  be  asserts,  will  not  oftly  infalliblv  prevent  the  attache 
of  worms,  but  also  preserve  every  kind  or  wood  from  decay  or 
putrefaction,  either  in  air  or  water.  Two  or  three  coals  ot 
Knseed  oil  may  also  be  used  to  defend  timber  from  the  inf  oence* 
e^  air  or  moisture ;  and  some  have  recommended  the  wood-work 
^  bniklings  to  be  painted,  but  this  ought  always  to  be  dcftned, 
till  it  is  thoroughly  dry. 

If  the  wainscotting  or  other  timber  of  a  building  be  used 
leo  gveen,  and  has  in  consequence,  riven  or  cracked,  it  has  beew 
tronghr  recommended  to  cover  it  immednlely  with  m  solutiow 
of  bMf-suet,  which  will  often  chMe  the  crevices  so  eflfectualfy^ 
that  the  defect  will  be  scarcely  perceptible.  Some  carpenten 
dom  the  crevices  with  a  composition  of^  grease  and  fine  saw«dust. 

The  timber  em|rioyed  in  building,  without  due  precaution , 
is  exiremefy  linble  to  destruction  from  the  dry  rat,  whicb 
appears,  by  some  hUe  communications  to  the  Society  of  Arts, 
ftc.  to  be  occasioned  by  aphmt.  It  will  destroy  hal^inch  deal 
wainacotting  in  n  year.  The  plant  is  of  the  creeping  kind,  and 
cannot  rise  above  two  inches;  so  that  wood,  in  all  cases,  must 
be  IB  contact  with  the  earth  to  support  it.  To  preserve  wood* 
that,  from  Its  eflfects,  it  must  be  cmirred,  painted,  or  prevented 
ftem  touching  the  earth  by  bricks  and  mortar.  It  is  never 
ehaerved  to  oommclice  in  the  middle  of  floors,  so  that  it  will 
wrebaMy  be  found  suflteient  to  secure  the  ends  of  beams  or 
Jbists.  The  plant  has  no  adhesive  powers  but  in  contact  with 
Wood.  Timber  thoiougbly  unpregnated  with  brine,  or  a 
iiriutlon  of  common  salt,  has  been  Ibund  by  eiperbnent  to  be 
secure  ftom  its  destructive  efeds. 

The  ezperimenls  which  have  been  made  to  ascertain  the 
Aneagth  and  quality  of  tfanberi  aodiBr  ditfisrent  dBcnmitaiiceSf 
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hftfe  been  atftended  with  resuUs  widely  diflferent  ftom  each  other ; 
but  as  it  wottld  be  unsuitable  to  the  plan  of  this  work  to  enter 
upon  the  lensthened  statements  by  wnich  oontradictory  results 
aie  supported,  we  shall  merely  collect  a  few  remarks,  which 
•eem  to  have  obtained  general  assent.  The  wood  next  the 
bark  of  a  tree,  called  the  white,  or  alburnum,  is  much 
weaker  than  the  rest.  The  wood  of  the  north  side  of  all  trees 
which  grow  in  Europe,  is  the  weakest,  and  thai  of  the  south- 
cast  side  is  the  stroneest;  this  diflference  is  most  remarkable  in 
hedgerow  trees,  and  such  as  grow  singly.  The  heart  of  a  tree 
is  ueyer  in  its  centre,  but  always  nearer  to  tlie  north  side,  and 
the  annual  coats  of  wood  are  thinner  on  that  side.  In  confor- 
mity with  this,  it  is  a  general  opinion  of  carpenters,  that 
limber  is  stronger  whose  annual  plates  are  thicker.  The  trachea, 
or  air-vessels,  are  weaker  than  the  simple  ligneous  fibres.  I'bese 
air  vessek  are  the  same  in  diameter  and  number  of  rows  in  trees 
of  the  same  species,  and  they  make  the  visible  separation 
between  the  plates,  or  annual  layers.  Therefore  the  thicker 
tficse  plates  are,  the  greater  the  moportion  they  contain  of  the 
simple  ligneous  fibres,  and  the  better  the  timber.  A  contrary 
opinioQ  is  nevertheless  prevalent,  and  wood  with  a  fine  grain,  or 
uin  annual  layers,  is  preferred.  The  tenacity  of  wood  b 
gnalist  when  it  is  green,  and  diminishes  with  drying.  No 
person,  perhaps,  has  made  experiments  on  wood  with  so  much 
minutanuB  as  Bufibn,  who  observes,  that  he  invariably  found  the 
heaviest  pieces  to  be  the  strongest,  and  he  recommends  an 
attention  to  this  circumstance  as  the  surest  guide  in  the  dioice  of 
limber. 

Banks  is  of  opinion  that  beams  should  be  strong  enough  to 
hear  twenty  times  the  force  they  have  to  resist,  or  they  will  pro« 
baUy  bend,  and  in  time  break.  The  same  author  also  observes, 
that  one  piece  of  wood  is  much  stronger  than  another,  not 
only  cut  out  of  the  same  tree,  but  out  of  the  same  rod ;  or  a 
piece  of  agiven  length,  planed  equally  thick,  and  cut  into  several 
equal  parts,  these  pieces  will  be  broken  with  different  weights. 
From  a  great  number  of  experiments  which  be  made  on  the 
strength  of  wood,  he  found  that  the  worst  or  weakest  piece  of 
dry  hcAit  of  oak,  one  inch  square,  and  one  foot  long,  bore  six: 
hundred  and  six^  pounds,  though  much  bent,  and  two  pound* 
more  broke  it.  Tm  strongest  piece  he  tried  of  the  same  dimen- 
aions,  bn>ke  with  nine  hundred  and  seventy-four  pounds.  The 
worst  piece  of  deal  he  tried,  bore  four  hundred  and  sixty 
pounds,  bat  broke  with  four  poonda  more;  the  best  piece  bore 
fix    hondrBd   and    niaely   pounds^  but  broke  with  a  Ntde 
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The  fibres  of  limber  rcquirii^  so  great  a  force  to  tear  .them 
asunder  in  a  vertical  direction,  and  being  easily  broken  by  a 
transverse  strain,  when  compared  to  that  of  a  rope  carrying 
nearly  an  equal  weight  in  all  directions,  opens  a.  wide  field  for 
useful  experiments.  All  timber  trees  have  their  annual  circles 
or  growths,  which  vary  greatly  according  to  the  soil  and  ezpo« 
sure  to  the  sun.  The  north-cost  side  of  the  trees  (being  mucb 
smaller  in  the  grain  than  the  other  parts,  which  are  niore 
exposed  to  the  sun)  is  strongest  for  any  column  that  has  a 
.  weight  to  support  in  a  vertical  direction ;  because  its  hard  cir* 
cles,  or  tubes,  are  nearer  each  other,  and  the  area  contains  a 
ffieatcr  quantity  of  them ;  nor  arc  they  so  liable  to  be  compressed 
Dy  the  weight,  or  to  slide  past  each  other,  as  when  they  are  at 
a  greater  distanoe.  On  tlie  other  hand,  this  part  of  the  tree  is 
not  fit  for  a  transverse  strain ;  because  the  nearer  the  hard  circles 
are  to  each  other,  the  easier  the  beam  will  break,  there  being  so 
little  space  between  them,  that  one  forms  a  fulcrom  to  break 
the  other  upon;  but  that  part  of  a  tree,  the  tubo  of  which  are 
at  a  greater  distance,  or  of  larger  grain,  is  more  elastic,  and 
lequues  a  greater  force  to  break  it;  because  the  outside  fibre  on 
the  convex  side  cannot  snap  till  the  next  one  is  pressed  upon  it, 
which  forms  the  fulcrum  to  break  iton.  It  is  generally  observed 
in  large  timbers,  such  as  masts,  that  the  fracture  is  seldom  on 
the  convex,  but  usually  on  the  concave  side;  which  is  owing  to 
the  fibres  on  the  concave  side  being  more  readily  forced  past 
each  other,  and  those  on  the  convex  side  being  so  difficult  to  be 
torn  asunder,  that  they  cannot  snap,  in  consequence  of  the 
largeness  of  the  segment  of  the  circle  they  describe  when  on  the 
strain.  The  curve  described  by  the  inner  layers  of  the  wood 
being  so  large,  and  indeed  little  less  than  a  straight  line,  cannot 
form  a  fulcrum  to  break  the  outer  ones  upon;  ami  as  the  convex 
side,  or  that  on  which  the  fibres  are  extended,  ought  to  be 
always  firee  from  any  mortise  or  incision  on  the  outside,  the 
strength  decreases  as  ft  approaches  the  centre. 

In  early  periods,  the  trunks  of  trees  were  split  with  wedges 
into  as  many  and  as  thin  pieces  as  were  requined,  in  a  manner 
similar  to  that  used  by  lath*cleavers  at  the  present  day.  The 
saw,  though  so  convenient  and  beneficial,  has  not  been  able  eo* 
tirely  to  banish  the  practice  of  splitting  timber  used  in  building, 
or  in  making  furniture  and  utensds.  To  be  aware  of  the  peculiar 
advantages  of  splittin|f  timber,  may  be  useful  to  artisans  in 
wood  ceperally.  By  its  advantages,  we  do  not  so  much  allude 
to  its  being  more  expeditioushr  performed  than  sawing,  as  to 
the  circumstance  that  split  timber  possesses  greater  strength  and 
elasticity  than  that  which  has  been  sawn;  for  the  flMiie  foUows 
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the  grain  of  the  wood,  and  leaves  it  whole;  whereas  th^  saw, 
ivhich  proceeds  in  the  line  chalked  out  for  it,  divides  the  fibres, 
and  therefore  lessens  its  cohesion  and  solidity.  Though  split 
timber  tarns  out  often  crooked  or  warped,  this  fault,  which  may 
sometimes  be  amended,  is,  on  many  occasions,  not  prejudicial. 
The  fibres  retaining  their  natural  length  and  direction,  thin 
boards,  particuhrly,  can  be  bent  much  better.  Thb  is  a  great 
advantage  in  making  staves,  or  siev^  frames^  and  in  forming 
▼arioiis  articles  of  the  like  kind. 

There  is  a  curious  point  of  difference  between  wood  and 
metal,  when  employed  as  springs,  which  deserves  to  be  noted, 
as  it  is  not  very  generally  known,  though  the  information  may 
occasionaHy  prove  very  usefid  to  the  engineer.  A  metallic 
spring,  if  it  has  nothing  to  stop  against,  but  is  suffisred  to 
▼ibrate  after  performing  the  requisite  action,  will,  in  a  short 
space  of  time,  if  the  action  be  frequently  repeated,  either  break 
aw  set.  A  wooden  spring,  when  the  vibration  cannot  be  avoided, 
is  the  best  substitute  which  can  be  employed,  as,  in  the  property 
alluded  to,  it  is  the  reverse  of  a  metallic  one;  if  stopped  in  its 
vibrations,  it  soon  sets  or  breaks;  but  if  permitted  to  vibrate^ 
its  temper  or  elasticity  suflfers  not  the  smallest  diminution.  The 
best  wood  for  the  purpose,  is  clean-grained  deal,  perfectly  free 
from  knots* 

To  measure  round  timber,  let  the  mean  circumference  be 
ibundin  feet  and  decimals  of  a  foot:  square  it,  multiply  this 
Muare  by  the  decimal,  0.79577,  and  the  product  by  the  length. 
For  example,  suppose  the  mean  circumference  of  a  tree  be  10.3 
feet,  and  the  length  24  feeU  Then  10.3x10.3x0.079577 
X  ^=208.615,  the  number  of  cubical  feet  in  the  tree.  The 
foundation  of  this  rule  is,  that  when  the  circumference  of  a 
circle  is  1,  the  area  is  0.0795774715,  and  that  the  areas  of 
cnrcles  are  as  the  squares  of  their  circumferences.  But  the 
common  way  used  by  artificers,  for  measuring  round  timber, 
diffisrs  widely  from  this  in  its  result.  Calling  one*fourth  part  of 
(he  circumference  the  girth,  they  reckon  it  equal  to  the  side  of 
a  square,  whose  area  is  equal  to  the  area  of  the  section  of  the 
tree.  They  therefore  square  thb  estimate  of  one-fourth  of  thcf 
girtb,  and  multiply  the  product  by  the  length  of  the.  tree. 
According  to  this  method,  the  tree  of  the  last  example  would 
only  exc^  by  a  small  remainder  159  cubical  feet;  for  one- 
fourth  of  10.3,  or  2.575  x  2.575  x  24=;  159. 135000. 

5.  Vol.  I.  Q 
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Of  Saahmilb. 

'the  sawing  of  timber  k  accomplisbed  by  manual  labovr 
and  by  machinery.  Sawing  by  manual  bbour,  is  so  familiar 
to  erery  one,  as  to  nequire  no  particuhr  description  in  tbi» 
place.  With  respect  to  sawing  by  machinery,  the  niilb  for  the 
purpose  are  not  numerous  in  Great  Britain,  nor  does  the  utility 
of  tnem  appear  to  be  so  properly  appreciated  as  in  America, 
Norway,  and  other  countries.  A  general  description  of  the 
objects  to  be  attained  by  the  mechanism  of  a  saw-mill  on  the 
krgest  scale,  may  be  comprised  in  a  few  words :  the  saw  is 
drawn  up  and  down  as  long  as  is  necessary,  by  a  motion  com*' 
rounicated  (commonly  by  water)  to  the  wheel;  the  piece  of 
timber  to  be  cut  into  boards  is  advanced  bv  a  uniform  motion  to 
receive  the  strokes  of  the  saw;  for  here  the  wood  is  to  meet  the 
saw,  and  not  the  saw  to  follow  the  wood,  therefore  the  motionr 
of  the  wood  and  that  of  the  saw  ought  immediately  to  depend 
the  one  on  the  other;  and  when  the  saw  has  cut  through  the 
whole  length  of  the  piece,  the  machine  should  stop  and  remain 
immoveable;  for  fear,  lest  having  no  obstacle  to  surmount,  the 
force  of  the  moving  power  should  turn  the  wheel  with  two  great 
rapidity,  and  break  some  part  of  the  machine. 

Circuhir  saws,  for  ripping  up  boards  or  scantlings  of  moderate 
thickness,  are  not  so  generally  used  by  artists,  as  would  be 
found  advantageous.  We  shall  therefore  particularly  notice 
the  construction  of  a  circular  saw-mill,  invented  by  Smart,  and 
used  in  his  manufactory.  Like  his  improvement  in  the  art  of 
turning  cylinders,  already  described,  it  is  distinguished  by  its 
simplicity  and  utility.  AB,  fig.  8,  pi.  IV.  is  a  strong  table, 
maae  of  planks  finutv  bnu^ed  together  in  the  form  of  a  joiner^s 
beach,  in  the  middle  of  this  bmch,  a  longitudinal  opening, 
ro^  admits  the  circubir  saw,  F,  which  is  made  of  welUtempered 
steel  plate.  O  is  a  pulley  on  the  same  axis  with  the  saw,  and  a 
lapia  motion  is  communicated  to  it  bv  means  of  an  endless  strap 
liom  a  large  fly  wheel,  turned  by  none  power.  The  saw  la 
fixed  on  its  spindle  D,  (Bg.  S,)  by  a  shoulaer  </,  against  which 
it  is  held  by  another  moveable  shoulder  e,  pressed  against  it  by 
a  nut,  it,  screwed  on  the  end  of  the  spindle,  which  is  tapped 
for  the  purpose.  The  hole  in  the  oentre  of  the  saw  must  fli 
the  spindle  exactly,  and  may  be  either  square  or  circular.'  If  i| 
be  circular,  it  must  have  a  small  notch  in  it,  ta  fit  a  fillet  on 
the  spindle,  that  the  saw  and  the  spindle  may  revolve  together. 
The  ends  of  the  spindle  are  turned  off  to  cones,  in  the  custom- 
ary  manner  for  working  in  centres.  The  cone  or  point  nearest 
the  saw,  works  in  the  end  of  a  sciewy  c,  fig.  9^  screwed  into  the 
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fcencb;  the  othar  point  works  in  a  similar  screw,  screwed 
throogh  a  cross  beam  H,  morticed  between  two  vertical  beams, 
KK,  extending  from  the  floor  to  the  cieling.  The  crohB  iieam,  H, 
can  be  raised  or  lowered  in  its  mortises  through  the  beams,  KK, 
hy  wedges,  mi,  abore  its  tenons,  and  two  others  below  them. 
A  long  straight  piece  of  wood,  LL,  called  the  guide,  is  con- 
nectrd  with  the  bench  by  joints  similar  to  those  of  a  parallel 
mler.  It  can  be  set  at  any  distance  from  the  saw,  and  fixed 
by  screws  passing  through  circular  grooves,  </i/,  cut  through 
the  bench.  The  front  of  the  guide,  LL,  must  be  perpendicular 
to  the  plane  of  the  bench ;  and  it  may  then  be  made  use  of  to 
set  the  plane  of  the  saw  also  perpendicular  to  the  same  plane. 
In  using  the  machine,  the  workman  slides  the  end  of  the  piece 
of  wood  to  be  cut  against  the  saw  as  it  turns  round,  and  presses 
its  edge  a||ainst  the  guide,  LL,  at  the  same  time,  so  that  it  may 
be  cut  straight. 

When  ue  saw  is  blunted  by  use,  the  centre  screw,  c,  or  that 
in  the  cross  piece,  H,  must  be  turned  back ;  the  spindle  and 
saw  can  then  be  removed;  and  by  taking  oflf*  the  nut  Ar,  fig.  S,  the 
flaw  will  be  loose,  and  another  may  be  put  on,  or  it  may  be 
sharpmed,  in  the  same  manner  as  any  other  saw,  while  fixed  in 
a  vice.  The  teeth  of  the  saw  are  set,  that  is,  bent  out  of  the 
phwe  of  the  saw,  one  tooth  on  one  side,  the  next  on  the  other, 
and  so  on  alternately  all  round ;  the  outsides  of  the  teeth  are  not 
filed  to  leave  a  surface  perpendicular  to  the  plane  of  the  saw, 
but  inclined  to  it,  and  in  the  same  direction  that  each  tooth  so 
filed  is  bent  in  the  setting.  By  this  means  the  saw,  when 
cutting,  first  takes  away  tte  wood  at  the  two  sides  of  the  kerf, 
or  passage  which  it  makes,  leaving  an  angular  ridge  in  the  mid- 
dle of  it,  the  use  of  which  is  to  keep  the  saw  steady  in  a  right 
line,  that  it  may  not  have  so  much  tendencv  to  get  out  of  the 
straight,  in  any  place  where  the  wood  is  harder  on  one  side 
than  on  the  other. 

On  eiting  a  curved  form  to  Wood. 
Curved  wood  is  frequently  purchased  by  millwrights  at  a 
veiy  high  price ;  and  such  is  its  scarcity,  that  very  imperfect 
pieces  are  freouently  made  use  of,  not  only  from  motives  of 
economy  in  tne  fir^  cost,  but  from  necessity.  The  inequali* 
ties  also  of  wood  which  is  naturally  curved,  are  often  so  consi- 
derable  as  materially  to  impede  the  workmen ;  but  when  it  is 
intended  to  curve  it  artificially,  it  may  be  diessed  in  its  straight 
state,  so  as  to  require  very  little  labour  afterwards.  The  follow- 
ing observations,  therefore,  on  the  curving  of  wood,  from  a 
treatise  on  Carpentry,  by  J.  H.  Hasscnfratz,  will  be  interesting 
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to  many,  and  will  devdope  some  principles  with  respect  to  the 
manac^ement  of  wood,  which  are  not  very  generally  known. 

When  trees  are  young  and  tender,  their  stems  may  be  bent 
either  by  cords,  or  by  poles,  stakes,  or  frames.  They  are  kept 
in  this  situation  so  long  that  they  retain  the  curvature  that  is 
intended  to  be  given  them,  even  when  disengaged  from  the 
obstacles  by  which  they  are  held. 

Of  all  the  methods  of  bending  trees,  that  applied  to  young 
and  growing  wood  is  the  most  easy  and  convenient ;  their  sup- 
pleness and  their  elasticity  admit  of  their  assuming  any  form 
that  is  desired.  There  are  few,  to  which,  with  proper  care,  you 
may  not  give  the  most  singular  forms ;  but  it  is  true,  they  are 
often  reduced  to  a  state  of  constraint  and  disease  prejudicial 
to  their  growth. 

The  curving  of  wood  after  it  has  been  cut,  though  more 
diflBcnlt,  is,  however,  more  customary,  because  such  pieces  may 
be  selected  as  are  best  adapted  to  the  objects  for  which  they 
are  intended,  and  a  suitable  curvature  may  be  given  them 
immediately. 

The  process  generally  employed,  is  founded  on  the  property 
possessed  by  caloric,  of  augmenting  the  elasticity  of  wood  by 
penetratinfiT  it,  and  of  diminishing  its  elasticity  when  it  retires. 
Accordingly,  to  give  a  curvature  to  thin  pieces  of  wood, 
such  as  pipe  staves,  and  the  planks  that  cover  the  sides  of 
boats,  they  arc  heated  in  the  part  where  the  curve  is  required, 
and  they  are  gradually  bent  as  they  become  hot. 

But  caloric,  applied  to  a  particular  portion  of  the  wood, 
while  the  other  is  in  contact  with  the  air^  heats  it  unequally, 
and  only  partially  increases  its  elasticity :  in  curving,  some 
parts  become  stiff  and  others  bend,  which  produces  an  inequa- 
lity of  curvature,  and  sometimes  cracks  m  the  interior,  and 
splinters  on  the  surface  of  the  wood.  The  only  method  of 
correcting  this  ineqimlity,  is  to  heat  the  wood  alike  in  every 
part. 

Ovens  and  stoves  gradually  heated,  facilitate  the  curvature 
of  wood,  by  procuring  an  equal  heat ;  but  the  risk  of  injuring: 
the  wood  in  a  dry  heat  is  very  considerable.  The  elasticity  of 
wood,  also,  is  in  proportion  not  only  to  its  temperature,  but 
likewise  its  humidity-  At  an  equal  temperature,  the  same 
pieces  of  wood  have  different  degrees  of  elasticity,  according  to 
the  quantity  of  water  by  which  they  are  imprecated ;  in  the 
same  manner  as,  with  an  equal  degree  of  humidity,  they  are 
the  more  elastic  the  more  thev  are  heated. 

We  have  an  example  of  the  two-fold  influence  of  humidity 
#nd  of  caloric,  in  putting  together  two  pieces  of  wood,  as  the 
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tenon  and  nioriise,  in  which  the  mortise  is  only  one-third  of  the 
Bize  of  the  piece  that  is  to  go  into  it.  This  manner  of  joining, 
apparently  so  extraordinary,  is  considered  such  an  important  in* 
Tention,  that  most  of  those  by  whom  it  is  practised,  keep  the 
method  a  secret*  It  was  the  process  employed  in  producing 
this  effect,  that  suggested  the  method  now  employed  for  curving 
'with  facility  the  tnickest  and  most  obstinate  pieces  of  timber ; 
the  whole  art  consists  in  impregnating  the  pieces  of  wood  with 
humidity,  by  procuring  them  a  uniform  temperature,  then  to 
bend  them,  and  suffer  them  to  cool,  in  the  form  they  are 
intended  to  assume. 

To  heat  and  to  impart  humidity  to  wood,  three  different 

Eroccsses  are  employed ;  the  first  is  by  boiling  water,  the  second 
y  steam,  and  tne  third  by  wet,  heated  sand. 
The  boiling  of  the  wood  in  water,  is  attended  with  the 
inconvenience  of  dissolving  port  of  the  substance  of  the  wood ; 
at  least,  on  drying  again,  it  shrinks  both  in  thickness  and  in 
length ;  its  strength  and  elasticity  are  considerably  diminished. 
The  next  method  tried  was  the  vapour  stove,  which  was  a  chest 
proportioned  in  size  to  the  wood  to  be  curved,  formed  of  thick 
planks,  firmly  joined  together.  The  wood  intended  to  be  sub- 
mitted to  the  action  of  tne  vapour,  is  placed  upon  supports. 
For  small  chests,  a  boiler  may  be  placed  at  one  of  the  extremi- 
ties, the  wood  being  introduced  by  a  door  at  the  other.  In 
large  chests,  the  boiler  is  placed  in  the  middle,  and  the  wood  is 
introduced  at  both  ends.  The  boilers  communicate  in  the 
interior  of  the  chest  by  means  of  a  pipe.  The  vapour  formed 
b^  the  ebullition  of  the  water,  impregnates  the  wooa  with  humi- 
dity, augments  its  elasticity,  and  renders  it  fit  to  be  curved. 
Vapour  stoves  require  little  care  or  expense;  but  they  can  only 
be  used  for  planks  of  a  certain  thickness,  because  they  cannot 
impart  to  wood  a  higher  temperature  than  that  of  boiling 
water,  which  is  insufficient  to  give  thick  pieces  the  elasticity 
they  require  in  order  to  be  curved. 

These  considerations  led  to  the  invention  of  the  sand  stove, 
which  is  formed  of  four  walls  of  stone  or  brick,  having  in  the 
middle  two  fire-places  that  communicate  with  several  circular 
flues  to  convey  the  caloric^  the  heated  air,  and  smoke,  to  the  two 
chimnies  at  each  end.  Over  these  flues  are  plates  of  metal, 
forming  the  bottom  of  the  chest  in  which  the  sand  is  put.  The 
flame  and  the  smoke  circulating  in  the  flues,  heat  the  pbites  by 
means  of  the  caloric  which  they  disengage,  and  which  commu« 
nicates  heat  to  the  sand.  This  stove  is  an  imitation  of  the  sand 
baths,  which  have  been  immemorially  employed  in  a  great 
pomber  of  chemical  operations^  and  in  various  manufactories. 
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As  sand  is  capable  cf  bein^  heated  to  a  much  higher  tem^ 
perature  than  boilingwater,  the  wood  plficed  in  this  kind  of  stove 
may  be  subjected  tO'd  much  more  powerful  heat;  but  if  theie 
was  nothing  in  the  btove  but  the  sand  and  the  wood,  the  heat 
night  disengage  from  the  latter,  the  gaseous  substances  which 
compose  it,  and  convert  it  into  charcoal.  Tti  prevent  this,  one 
or  t^o  boilers,  filled  with  water,  are  placed  in  the  middle  of  the 
stove.  The  steam  created  by  their  ebullition  impregnates  the 
sand  with  humidity,  which  likewise  penetrates  the  wood,  and 
the  heat  evaporates  only  the  water  which  is  continually  supplied 
by  that  which  is  disengaged;  by  these  means,  the  constituent 
parts  of  the  wood  are  preserved. 

It  may  be  supposed,  that  in  this  operation,  some  portion  of 
the  component  parts  of  the  wopd  are  evaporated,  and  that  it 
is  consequently  liableto a  commenoemeHt of  deterioration :  but 
if  care  be  taken  to  remove  it  as  soon  as  it  is  sufliciently  hoi  and 
humid,  the  injury,  is  imperceptible. 

The  sand  stove  b  covered  throughout  its  whole  length,  to 
impede  evaporation  and  the  loss  of  heat. 

The  wood  is  introduced  leyigthways  into  the  stove,  at  the 
two  ends,  and  being  placed  on  gratings  fixed  for  the  purpose,  it 
is  covered  with  sand. 

When  the  wood  has  been  rendered  sufficiently  hot  and 
humid,  it  must  be  bent  upon  a  surface  making  the  desired 
curve.  The  force  which  produces  the  curvnture  may  act  by 
means  of  cords,  pulleys,  ana  even  capstans.  The  piece  havine 
assumed  the  desired  form,  it  must  be  left,  with  tne  force  stilt 
actins:  upon  it,  to  cool  and  dry. 

When  the  piece  of  wood  is  not  thick,  the  pressure  of 
men,  or  even  of  weights,  will  frequently  afford  sufficient  force 
to  produce  the  necessary  curvature* 

Adoaniageoui  Method  of  contertimg  the  Trunks  of   Trees  into 

square  Timber. 

The  method  we  arejabout  to  describe,  of  converting  all  tim* 
ber  that  is  straight,  and  intended  for  square  beams,  to  great 
advantage  in  general  use,  is  included  in  Smart's  patent  for 
hollow  masts ;  but  the  ingenious  patentee,  as  far  as  relates  to 
lessening  the  consumption  of  English  oak,  and  introducing  the 
larch  and  firs  of  our  own  growth  into  general  use,  has  liberally 
granted  licences  to  all  who  chose  to  apply  to  him  for  them, 
with  some  triflbg  exceptions  with  respect  to  masts,  yards, 
bowsprits,  &c. 

Fig.  4,  b  a  section  of  the  but-end  of  a  tree,  two  feet  in 
diameier^  sawn  or  chopped  diagonally.    Fig.  5|  b  the  other 
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end,  sawn  sqaare ,  one  foot  each  side :  cut  it  exactly  through 
the  centre  in  two  cross-cuts,  ab^d  e;  it  will  produce  four  pieces, 
which  are  put  together,  as  in  fig.  6  and  7,  with  the  centre  turn- 
ed outwaros,  the  but«end  of  one  piece  with  the  small  end  of 
the  other,  and  dowel  and  bolt  them  together  as  in  fig.  8.  A 
beam  will  then  be  formed,  whose  section  is  shown  in  fig.  6  and 
7,  ic^larfrom  one  end  to  the  other,  with  the  advantage  of 
having  the  heart  of  the  tree  in  the  place  where  tbe  hardness 
and  strength  are  most  wanted,  viz.  in  the  comers,  which  form 
the  abutments ;  whereas  tbe  same  tree  squared  into  a  parallel 
beam,  would  have  been  much  smaller,  and  the  soft  or  sappy 
parts  of  the  wood  exposed  to  the  action  of  the  air  and  moisture, 
in  flush  framing,  it  is  observable,  that  the  failure  of  all  timber 
in  old  buildings  has  commenced  much  sooner  than  it  otherwise 
would  have  done,  owing  to  the  sappy  wood  being  at  the  corners 
of  the  principal  beams.  This  sappy  wood  soon  decays,  as  its 
spongy  quality  attracts  the  moisture;  whereas  the  heart, 
especially  of  oak,  will  be  as  sound  as  the  first  day  it  was  used. 

As  beams,  taking  their  weight  horizontally  or  on  any  trans- 
verse bearing,  have  their  principal  strain  on  the  upper  and 
lower  surface,  every  workman  ought  to  guard  against  having 
sap  in  beams,  because  if  they  do  not  immediately  decay,  they* 
shrink,  so  as  to  loosen  all  the  framing,  and  soon  cripple  tlie 
building  or  machine;  but  on  the  above  plan,  the  sappy  or 
worst  part  of  the  wood  is  excluded  from  what  would  cause  ita 
decay,  and  the  timber  increased  in  quantity  so  as  considerably 
to  overbalance  the  extra  labour  and  expense*  A  tree  of  oak, 
forty  feet  long,  two  feet  in  diameter  at  the  but-end,  and  one 
foot  at  the  top,  when  put  together  on  this  plan,  will  have  its 
sides  each  eighteen  inches  square,  and  will  contain  ninety  teet; 
whereas  on  the  old  plan,  forty  would  be  the  contents  of  a 
square  b«im  cnt  from  the  same  tree ;  fifty  cubic  feet  would  have 
been  cut  ofi*  as  slabs,  or  chopped  up  for  the  fire.  Estimatmg 
the  expense  of  thus  putting  together  a  beam,  of  the  dimensions 
in  question,  to  cost  £3^  (and  it  would  probably  not  amount  ta 
Bore  where  the  price  of  labour  is  highest,)  and  the  fifty  fee< 
saved  to  be  wortn  no  more  than  Jg6 ;  the  proprietor  would  save 
jg9  by  each  beam  so  converted.  Tbe  dowels  ought  not  to  go 
through,  as  that  would  weaken  the  timber.  In  an  eighteen-inch 
beam,  the  dowels  should  come  within  three  inches  of  the  outside; 
but  where  a  mortise  is  cut  in  place  of  a  dowel,  it  is  proper  to 
have  an  iron  screw  bolt  to  prevent  the  joint  opening  with  tbe 
pressure  of  the  tenon ;  and  the  work  ought  to  be  put  together 
with  screw  clamps,  for  nails  or  hammers  bruise  the  wood,  and 
weaken  or  destroy  the  coheskm  of  its  ibres  for  a  considerable 
depth. 
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Of  the  Toob  used  in  the  ZDorking  of  Wood* 
We  do  not  here  intend  to  speak  of  the  tools  used  in  turning 
wood,  they  having  been  already  noticed.  We  allude  more 
particularly  to  the  tools  required  by  the  carpenter,  joiner,  and 
cabinet-maker,  and  which  ditkr  not  from  each  other  so  much 
in  theur  general  construction  and  name,  as  in  size,  and  the 
varieties  necessary  for  coorse  and  large,  or  ornamental  and 
small  work.  We  offer  the  enumeration  of  the  took  used  by 
these  artisans,  not  with  the  hope  that  the  mere  enumeration 
will  convey  any  information  of  importance,  but  to  afford  an 
opportunity  of  making  a  few  remarks  on  the  choice  of  them 
ana  on  some  of  those  peculiarities  in  their  form,  upon  which 
their  excellence  depends. 

The  principal  tools  employed  in  the  workins^  of  wood,  are, 
the  axe,  the  adze,  various  sorts  and  sizes  ot  saws,  planes, 
chiseb,  hammers,  and  boring  tools. 

The  construction  of  the  axe  and  the  adze,  and  their  use  in 
chopping  or  hewing,  scarcely  require  any  remark.  In  grinding 
these  tools  for  use,  the  general  rufe  observed  in  grinding  all  other 
edge*tools  must  be  attended  to,  viz.  that  of  suiting  their  edge  to 
the  work  for  which  they  are  intended.  When  the  wood  they 
are  to  cut  is  hard  and  knotty,  the  part  ground  off  to  form  the 
edge  must  be  short,  so  as  to  leave  the  tool  rather  thick  and 
tftiong  near  the  edffe ;  on  the  contrary,  for  soft,  clean  grained 
atttff,  the  part  alluoed  to  may  be  brought  to  an  acute  angle,  so 
as  to  form  a  thin  wedge.  A  workman  applied  hb  axe  to  the 
choppinfl^  of  bones,  and  thought  the  metal  it  was  made  of  verv 
bad,  or  badly  tempered,  because  it  became  notched  or  gapped, 
almost  at  every  stroke,  till  the  edge  was  gone.  The  &t  was, 
that  it  was  ground  to  so  acute  an  angle  as  only  to  be  fit  for  cut^ 
lin^fir.  Such  mistakes,  however  gross,  are  not  uncommon.  The 
tool  in  question  should  have  been  ground  so  as  to  have  had  an 
edge  ahnost  like  that  of  the  chisel  for  chipping  iron.  The  axe  is 
ffiound  on  both  sides  to  form  the  edg^ :  the  adze  is  a  much 
uinner  and  lighter  tool  than  the  axe,  it  is  ground  only  on  one 
side,  namel  V  the  inner ;  the  part  ground  is  at  a  right  angle  to  the 
handle;  and  the  blade  is  arched  to  Uie  portion  of  a  circle,  the 
radius  of  which  is  s(miewhat  less  than  the  length  of  the  handle. 
The  adze  is  much  used  by  the  cooper,  as  well  as  the  carpenter 
and  joiner;  it  will  pare  away  veiy  thin  slices  or  chips,  and 
leave  a  much  smoother  surface  than  the  axe,  which,  oesides, 
cannot,  like  it,  be  applied  lo  a  surfiice  in  a  horizontal  position. 
That  part  of  an  axe,  adze,  or  any  other  tool,  which  is  ground 
off  to  fonn  the  e4ge,  is  caUed  ths  boiil. 
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Of  Saws. 

Saws  are  made  of  plates  of  steel ;  if  they  possess  gieat 
dasticiiy,  and  bend  equally  in  a  bow,  they  are  judged  to  be  well 
tempered,  and  evenly  sround.  The  edge  in  which  the  teeth  are 
is  thicker  than  the  baci,  that  the  back  may  more  readily  follow 
the  edge.  The  teeth  are  cut  and  sharpened  with  a  triangular  file, 
the  blade  of  the  saw  being  first  fixed  in  a  whetting-Uock  or 
vice*  After  tlie  teeth  have  been  filed,  they  are  set,  that  is 
turned  out  of  the  right  line,  that  they  may  make  the  kerf  or 
fissure  wider  than  tbe  thickness  of  the  saw-plate,  and  thus  pre- 
▼ent  the  friction  which  -would  otherwise  impede  the  motion  of 
the  tool.  If  the  first  tooth  be  bent  to  the  left,  then  the  next  is 
turned  to  the  right,  and  so  on;  and  it  may  also  be  remarked, 
that  the  extremity  of  each  tooth,  at  the  outside  comer,  is  left 
higher  than  on  the  inside  corner,  which  tends  to  facilitate  the 
cutting.  Hence  it  will  be  observed,  that  the  teeth  of  Smaft*s 
cirvulur  saw,  which  have  been  particularly  noticed,  are  formed 
in  the  same  way  as  those  of  the  common  saw,  and  for  the  same 
reasons,  in  addition  to  those  stated  on  paee  103. 

The  instrument  with  which  the  teeUi  of  saws  are  bent,  is 
usually  a  piece  of  iron  or  steel,  five  or  six  inches  long,  with 
several  nicks  in  the  edge,  at  right  angles  to  its  length,  and  of 
diffinent  siies.  The  twth  intended  to  be  bent,  bein^dipt  into 
the  nick  which  it  will  exactly  fill,  and  the  saw  in  the  mean 
time  being  hekl  fast,  the  efiect  of  bending  the  tooth  may  readily 
be  produced  by  twisting  the  instrument  up  or  down.  The 
teeth  of  a  saw  are  made  laf]^r  for  coarse  cheap  stuff,  than  for 
hard  and  fine,  in  cutting  whu^h  large  teeth  would  make  too  great 
a  resistance.  The  pla&  of  a  saw  should  be  quite  straight,  or 
it  cannot  be  depended  upon  for  making  a  straight  kerf. 

In  large  towns,  there  are  men  who  earn  a  portion  of  theiy 
livdihood  bv  sharpening  saws,  and  those  who  perform  the 
business  well,  receive  considerable  praise  for  their  iogenuitv, 
from  joumeyroen,  not  always  of  the  most  clumsy  and  idle 
class,  who  employ  them  without  reflecting  that  the  skill  they 
admire  is  easily  attained  by  a  little  attention ;  that  the  time  em- 
ployed in  carrying,  looking  after,  and  fetching  their  tools,  is 
genemUy  equal  to  what  w^mld  be  required  for  repairing  them 
at  home ;  and  that  thev  can  therefore  seldom  call  themselves 
gainers,  even  if  they  had  nothing  to  pay  for  the  work  they  have 
had  done,  or  if  it  were  no  inconvenienoe  to  be  for  a  time  de- 
prived of  a  tod  almost  constantly  required  to  be  at  hand.  The 
teeth  of  saws  have  a  proper  degree  ci  acuteness,  when  compris- 
ing an  angle  of  about  sixty  di^rees.    In  sharpening  them,  the 

5.  Vol.  I.  P 


106  MECHANICAL  EXERClBEi. 


i*iMMH««MMHM 


Hm  wliip>MW.— Hand-taw-— PiuiiwI«aw. — ^Fnune-Mw. — ^Tenon-saw* 

V 

whok  of  the  outer  arris  of  each  tooth,  should  be  made  s6arp ;  thi» 
can  only  be  done  by  moving  the  file  in  a  straight  direction, 
which  will  make  the  slanting  sides  of  the  teeth  fiat.  Saws  used 
fer  dividing  wood  longHuoinally,  or  in  the  direction  of  it* 
fibres,  may  have  the  front  edge  or  apex  of  each  tooth  standnig 
almost  as  forward  as  the  base  of  the  tooth  on  that  side  next  the 
lower  end  of  the  phte.  Bat  this  form,  in  transverse  or  cross* 
cutting,  wontd  be  inconvenient,  ^n  it  would  hinder  the  work*- 
man  from  pushing  forward  the  saw ;  tenon«saws  are  therefore 
usuallv  made  so  that  the  apex  of  the  tooth  is  not  more  forward 
than  dbe  centre  of  its  base. 

The  saws  in  most  common  use  are  the  following,  viz.  the 
pit-saw,  which  is  a  large  two-handed  saw,  for  sawing  timber  in 
pits,  chiefljr  used  by  the  sawyers. 

The  whip-saw,  which  is  also  two-handed,  is  used  in  sawing 
such  lai^  pieces  of  timber,  as  the  band-saw  will  not  easily 
mch. 

The  hand«saw,  which  is  made  for  a  single  man's  use ;  the 
lencth  of  the  plate  is  about  twenty-six  inches,  and  it  is  generally 
made  with  about  four  teeth  in  an  inch.  It  is  used  in  cutting 
wood  across  as  well  in  the  direction  of  its  fibres.  The  teeth 
toward  the  lower  end  of  it  are  rather  smaller  than  those  at  the 
upper  end,  or  broadest  part  of  the  plate,  which  facilitates  the 
working  of  the  saw  in  that  part  of  its  course,  when  the  work-* 
man  has  the  least  power  upon  it,  and  the  wood,  on  the  surface 
and  at  the  sides  m  the  k^,  particularly  in  cross-cutting,  are 
not  so  much  torn  as  they  would  be  if  the  teeth  were  all  of  equal 


The  plate  of  the  pannel^aw  is  about  the  same  length  as  that 
of  the  hand  saw,  but  it  contains  about  half  as  many  more  teeth 
in  .the  same  comfMss.  It  is  used  for  cottii^  very  thin  boards  in 
any  direction  which  may  be  requifed* 

The  bow  or  frame-saw  b  furnished  with  cheeks ;  by  the  twists 
ed  cords  from  the  upper  parts  of  these  cheeks,  and  thie  tongue  in 
the  middle  of  them,  the  upper  ends  are  drawn  closer  together, 
and  the  lower  set  further  apirt;  so  as  to  tighten  the  plate, 
which  is  too  long  and  narrow  to  be  kept  straight  without  a 
finune* 

The  tenon-saw  is  used  for  cuttinji^  across  the  fibres  of  wood, 
and  derives  its  name  from  its  use  in  forming^  the  shoulders  of 
tenons.  The  smallest  saw  to  which  this  name  is  gifen,  is  about 
fiMtrteen  laches,  and  the  largest  about  twenty  inches  long.  The 
number  of  teeth  in  an  inch  are  from  eight  to  ten.  according  to 
Uie  length  of  the  pbte,  the  larger  sues  of  which  have  the 
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The  saw  used  in  catting  (he  tenons  of  sashes,  is  called  a 
«ash«saw;  the  plate  is  about  eleven  inches  in  length,  and  the 
number  of  teetn  in  the  mcb  about  fourteen. 

The  do¥e*taii  saw  is  used  by  joiners  and  cabinet-makers  in 
dove^tailing  drawers,  &c. ;  the  plate  is  dbont  nine  inches  long^ 
and  the  number  of  leeth  in  the  inch  about  fifteen. — ^The  plsies 
of  the  tenon-saw,  the  sash-saw,  and  (he  dove^tail  saw,  are  so 
thin,  that  the  back  of  them  is  lei  into  a  stout  piece  of  iron  or 
brass,  to  keep  them  from  bending,  and  aa  they  are  not  inttoded 
to  cut  into  wood  their  wliole  breadth^  this  addition  is  no 
disadvantage. 

The  compass-saw  is  used  for  cutting  a  circular  or  any  other 
•compasb  ken :  its  formation  is  peculiar;,  the  teeth  are  not  set^ 

4he  setting  of  a  saw  has  a  tendency  to  keep  it  in  a  righl 
linif;  the  teeth  are  small,  about  five  in  an  inch;  the  plate 
narrow,  about  an  inch  in  the  broadest  part,  and  gradually 
4iminidhing  to  about  a  quarter  of  an  inch  at  the  lower  end ;  (be 
cutting  edge  is  thick,  and  the  back  very  thin,  so  that  it  may 
have  a  compass  to  turn  in.  The  sides  of  this  saw  should  either 
be  ccHiectly  flat,  or  a  little  concave  like  a  rasor,  otherwise  it 
will  not  work  wril. 

A  small  kind  of  comnass-saw,  caUed  a  key-hole  saw,  is 
used  for  quick  curves,  such  as  key-boles.^  The  handle  is  hmg, 
and  in  shape  similar  to  that  of  a  chisel,  but  perforated  through 
its  whole  length,  in  order  that  the  saw,  which  is  fixed  by  a 
screw,  may  be  set  at  any  distance  within  the  handle.  Hence 
in  cutting  the  smallest  curves  to  which  it  can  be  applied,  or  at 
the  commencement  of  the  work,  or  when  it  is  only  wanted  td 
iaw  through  an  inconsiderable  depths  but  a  small  portbn  of  the 
saw  is  allmr^  to prcject  from  the  handle;  by  which  meitaa  the 
springing  or  unsteadiness  of  sawing  with  the  end  of  a  long 
narrow  blade  is  avoided,  and  more  force  can  be  applied^ 
the  haaaid  of  breakmg  the  plate. 

Of  PUmes. 
Phuies  of  difierent  kinds  form  a  very  im|>ortant  oart  of 
iools  of  artisans  in  wood.  A  few  remarks  in  explanation  of 
technical  terms,  will  enable  us  subsequently  to  be  more  concise 
and  intelligibfe  in  noticing  this  class  of  tools.  The  block  of 
H  cod  in  which  the  blade  or  chisel  of  a  plane  is  fixed,  is  called 
the  stock ;  it  is  mostly  made  of  beech  or  some  other  hard  wood, 
exceedingly  well  seasoned.  The  blade  or  chisel  is  called  tho 
iron ;  it  is  composed  of  iron  and  steel  welded  together,  the  fore 
part  of  the  lower  half  of  it,  when  in  the  stock,  contEuniog  the 
steel.  Thaumfefsideofthestock  is  called  tha  sole.  The  height  or 
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depth  of  a  plane  are  synonymons  termsy  signifyiof  the  dimen- 
sion from  the  8^  to  the  upper  surface.  The  haodK  of  a  plane 
is  called  the  tote.  That  part  of  the  aperture  in  the  stock  upon 
which  the  iron  is  laid  ana  secured  by  the  wedge,  is  called  the 
bed,  which  is  a  plane  surface,  making  a  diftrent  angle  with  a 
line  perpendicular  to  the  sole,  aocorduig  to  the  use  for  which 
the  plane  is  intended.  For  the  jack-plaoe,  the  trying  and  the 
smoothing^planes,  the  angle  of  the  bea  is  usually  firom  forty*two 
to  forty-five  degrees ;  for  moulding  planes  about  thirty-five,  and 
for  those  planes  which  operate  by  scraping,  it  is  almost  perpen- 
dicular, not  making  an  angle  of  more  than  five  or  six  aeeren. 
The  angle  which  tM  iron  makes  with  theperpendicufatf  auuded 
to,  is  called  its  pitdi,  and  the  greater  this  angle,  the  lower  is 
said  to  bt  the  pitch  of  the  iron.  The  basil  of  the  iron  formr  iHt  - 
acute  angle  with  the  steel  side,  which  is  not  ground,  but  alWiys 
kept  level.  In  grinding  and  whetting  phine  iions,  the  basil 
must  be  made  as  flat  as  possible,  or  in  a  small  degree  concave, 
otherwise  it  will  not  seem  to  be  sharp  when  in  use. 

Planes  are  generally  about  three  inches  and  <me-e^hth  deep ; 
the  jack-plane  is  sometimes  rather  moce,  and  the  smoothing- 
plane  is  mostly  rather  less.  The  blades  of  planes  are,  in  many 
cases,  made  double,  a  simple  expedient  of  remarkable  utility 
in  planing  cross-gmined  stuff.  The  addition  made  to  the  blade 
for  this  purpose,  consists  of  a  piece  of  iron  of  the  same  breadth 
as  the  bfarae,  with  its  lower  end  very  thin,  and  of  the  saoM 
dbape  at  the  edge  as  the  edge  of  the  blade.  This  piece  of  iron, 
usually  called  the  top«iron,  is  connected  by  a  screw  with  the 
blade,  at  any  necessary  distance  from  the  edge  of  which  it  can  be 
fixed.  The  top-iron,  the  edge  of  which  should  never  extend 
below  the  sole,  is  fastened  upon  the  front  or  steel  side  of  the 
blade,  and  the  space  between  its  edge  and  that  of  the  blade, 
determines  the  thickness  of  the  shaving.  It  is  always  necessary 
to  make  the  top-iron  fit  the  blade  so  correctly  Uiat  no  shavinff  can 

E*  between  them ;  for  this  end,  it  is  arched  a  little  to war£  the 
wer  end,  and  the  concave  side  of  this  arch  being  turned  in- 
wavds,  the  sctew  necessarily  makes  the  edge  fit  closely  the  level 
surfiuxof  the  bhide.  The  top-iron  is  genmlly  employed  in  the 
JMk-plane,  and  ahnost  always  to  the  trying-plane,  the  long* 
plane,  and  the  jointer.  To  the  smoothinii^plane,  and  the 
various  sorts  of  moulding-planes,  it  is  not  used. 

If  the  iron  of  a  pbme  project  too  far,  the  blow  of  a  ham* 
mer,  on  the  fiwe  end  of  the  stock,  will  slacken  the  wedge  and 
nise  it  in  a  small  degree.  In  this  case,  the  wedge  must  be 
iCi^fintiBned  by  driving  it  down  with  a  light  blow  or  two  befero 
^  plane  is  used  again.    A  smart  btow  on  the  fore  end  of  a 
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plane  will  loosen  the  iredge  so  much  that  the  iron  may  easily  be 
withdrawn  by  the  hand."  Instead  of  strilcing  the  fore  end,  fof 
these  purposes,  some  workmen  strilce  the  upper  surface  of  the 
stock,  near  the  orifice  for  the  shavin|;s. 

The  jack*plane  used  by  joiners,  is  geherally  about  seventeen 
inches  in  length.  Its  use  is  to  take  oflf  the  greater  irregularities 
of  the  stuff,  left  by  the  axe,  the  adse,  or  the  saw,  and  it  is  ther^ 
foie  the  first  plane  employed.  To  suit  the  coarseness  of  its 
work,  the  cutting  edge  of  the  irsn  rises  with  an  arch  of  oonsi* 
derable  convexity  in  the  middle,  nnd  the  opening  or  mouth 
which  admits  the  shavings  thTou|rh  the  stock,  is  wider  at  the  solo 
than  that  of  any  other  plane,  xhe  iron  is  often  used  without  a 
cover ;  the  quantity  of  its  projection  must  be  r^nlated  by  the 
texture  of  the  stuff,  in  proportion  to  the  hardness  or  knottineis 
of  which  it  must  be  lessened ;  the  due  d^f^ree  of  it  is  easily 
ascertained  by  trial:  it  must  be  adjusted  so  as  not,  on  one 
hood,  to  ivquire  hard  pressing  down,  or  many  str^es  to  be 
made  in  reducing  the  wood ;  nor  on  the  other,  to  fatigue  the 
workman  and  tear  the  stuff,  by  taking  hold  too  keenly.-  The 
convexity  of  the  cutting  edge  of  the  iron,  prevents  the  comers 
firom  entering  the  wood,  which  ought  never  to  occur,  as  the 
effect  would  be  to  spoil  the  work  and  impede  the  progress  of 
theartunm. 

When  a  piece  of  stuff  has  been  nearly  reduced  to  the 
intended  form  bv  the  jack»plane,  the  trying«piane  is  made  use 
of  to  produce  a  higher  degree  of  regularity  and  smoothness.  It 
is  four  or  five  inches  longer  than  the  jack«plane,  and  its  iron  is 
broader,  set  with  a  less  projection,  and  not  so  convex  on  the 
edge.  This  plane,  in  takmg  off  a  shaving,  is  pushed  along  the 
whole  length  of  the  stuff,  whereas  the  strokes  given  with  the 
jack-plane  are  only  within  arms*  length. 

The  third  plane  made  use  of  in  racing  a  piece  of  stuff  with 
the  utmost  exactness,  is  the  long-plane,  which  is  four  or  five 
inches  longer  than  the  tryingwplane,  and  proportionately 
broader,  while  the  progeetaon  ana  convexity  of  the  iron  are 
somewhat  less. 

The  jointer  is  the  longest  plane  of  all;  its  edge  is  very  fine, 
and  scarcely  stands  out  above  a  hair*s  breadth ;  it  is  chiefly 
used  for  shooting  the  edges  of  boards  perfectly  straight,  so  that 
when  joined  together  tMir  snrfiioes  will  exactly  coincide,  and 
the  juncture  be  naidly  diaoemibie*  The  jointer  is  made  about 
IbirtT  inches  long. 

As  the  bsUmentioned  piane^  from  its  extnmidinanr  dimen* 
•ions,  would  be  nnhandv  ui  shooting  short  blocks,  a  short  kind 
of  joioier,  called  thestriio4)lock^  is  also  in  ooannon  use.    It  i§ 
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much  employed  in  planing  the  ends  of  boards^  acioss  the  fibies> 
and  the  inclined  plane  forming  the  bed,  is  lower  than  that  of 
the  jointer.  When  employed  for  soft  wood,  the  angle  is  only 
increased  two  or  three  degrees,  but  for  fine  cabinet-work,  when 
the  stuff  is  hard,  it  is  often  considerably  more,  so  as  to  noake  an 
angle  with  the  perpendicular  of  fifty-five  or  even  sixty  degiees« 
In  the  bitter  case,  the  position  of  the  basil  is  reversed,  so  as  to 
be  in  fipont,  or  next  tbe  fore  end  of  the  stock.  The  usual 
length  of  the  strike  block  is  eleven  or  twelve  inches. 

The  smoothing-plane  is  about  seven  inches  in  length,  it  has 
no  tote  or  handle,  and  otherwise  differs  in  shape  from  any  of 
the  planes  yet  mentioned.  The  sides  of  the  stock  are  convex, 
and  its  whole  figure  reMmbles  that  of  a  coffin.  The  inclination 
of  the  bed  is  similar  to  that  of  the  jointer,  which  it  abo  resem- 
bks  in  the  set  of  the  iron.  It  is  the  last  plane  used  in  finisbini* 
off  the  surfifiusa  of  wood,  and  from  its  smallness  can  easily  be 
applied  to  smooth  any  small  part  which  the  large  pbnes  cannot 
touch;  and  the  direction  in  which  it  is  wrought  can  also  be 
varied  with  fitioility ,  so  as  to  suit  cross-grained  s^ff.  To  secure 
these  advantages  more  efibctoally,  it  b  wrought,  like  the  jack* 
plane,  with  short  strokes.  From  this  descriptbn  of  its  use,  it 
will  be  obvions,  that  though  it  is  used  in  finisliing  off  wood,  it  is 
smoothness  and  not  straighiness  of  surface  which  it  b  calculated 
to  produce.  But  if  tbe  work  be  well  maniqred,  the  inequalities 
which  it  leaves  are  not  perceptible  to  the  eye,  and  are  therefore 
kft  with  impunity  in  tables,  bureaus,  dedks,  and  oUier  fnrni* 
ture,  even  <»  the  best  kinds. 

Thoa|(h  the  double  iron  b  an  excdlent  inroitbn,  and  the 
use  of  it  IS,  in  &ct,  the  best  general  remedy  known  against  the 
culling  or  oross-graiaed  stuff  of  ordinary  qualibr;  yet  without 
some  other  assistance,  the  planbig  of  many  of  the  finest  speci* 
mens  of  mahogany,  and  or  fustic  in  particular,^  would  be  to  tbe 
bst  dMree  a  difficult  and  perphsxin^  opeiation  to  the  work« 
man.  nence  a  plane,  the  stock  of  which  is  usually  made  of  the 
shape  and  suse  of  the  smnothing»phroe,  b  fitted  up  so  as  to  act 
by  scratching  or  scraping.  The  bhide,  or  iron,  on  the  steel 
side  of  it,  b  covered  with  rakes  or  snudl  gioovies  close  to  each 
ottier,  and  all  of  them  in  the  divSction  of  its  length;  whan 
therefore  it  b  ground,  and  the  basil  fionned,  its  edge  presents  a 
aeries  of  teeth  like  those  of  a  fine  saw ;  the  bed  of  the  stock 
intended  to  receive  it  b  inclined  only  about  six  degrees,  and 
consequently  when  the  iron  is  fixed  it  is  almost  perfmidionlar. 
With  this  kind  of  a  piane^  howciviri^  hard  the  stirff  mav  be,  or 
however  cross  and  twisted  its  grain,  the  suriace  mav  be  made 
everywhere  alike,  and  will  not  be  loogher  than  if  it  had  been 
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Forkitaffpla»e« — Boniid-tole.— Plough. 

robbed  with  a  piece  of  new  fish-skin.  This  roughness  may  be 
eflectoaily  removed  irith  the  scraper,  which  is  a  thin  plate  of 
steel,  like  part  of  a  common  case-knife,  the  back  of  it  being 
Ist  into  a  piece  of  wood,  as  a  handle* 

To  form  the  concave  or  convex  sor&ces  of  the  rims  of 
carria^wheels,  or  the  top  raib  of  a  cftmp  bedstead,  and  woilc 
of  a  similar  natare,  the  sole  of  the  plane  must  be  carved  in 
the  same  degree  as  the  concavity  or  convexity  to  be  produced; 
Planes  of  this  description  are  adled  compass-planes ;  they  re* 
semble  the  smoothing-plane  in  size,  and  also  in  shape,  excepting 
so  far  as  regards  the  curve  of  the  sole.  A  plane  of  the  size  and 
shape  in  question,  with  a  concave  sole,  is  also  distinguished 
by  the  name  of  a  forkstafl-plane;  and  one  which  is  convex,  is 
sometimes  called  a  round-sole. 

The  rabbit  or  rebatinff-plane,  is  employed  in  taking  away 
(by  shavings)  from  the  edge  of  a  board,  a  piece  in  the  form  of  a 
square  or  rectangular  prism,  so  as  to  leave  a  groove  consisting  of 
two  surfaces  at  right  angles  to  each  other.  This  mode  of 
reducing  the  stuff  is  required  for  some  cornices,  and  various 
soffts  of  ornamental  work.  The  jgroove  formed  by  the  rebating- 
pbme,  is  abo  employed  to  receive  the  edge  of  another  board 
cut  in  a  similar  manner,  so  that  the  two  lap  over  each  other  to 
the  breadth  of  the  rebate,  and  form  one  even  surface.  Rebating^ 

Iilanes  deliver  their  shavings  at/  the  side,  and  not  at  the  top^ 
ike  the  planes  hitherto  described.  They  are  also  of  vari- 
ous kinds;  some  of  them  are  provided  with  a  fence  which 
r^uhtes  the  horiaontal  breadth,  and  others  with  a  stop,  which 
determines  the  vertical  extent  or  depth  of  the  rebate;  while 
some  have  both  stop  and  fence,  and  others  neither.  Rebating- 
pianes  without  a  fence  have  the  iron  the  whole  breadth  of  tbe 
sole;  some  of  them  have  the  cutting  edge  of  the  iron  only  on 
tbe  side,  and  oUiers  only  on  the  bottom  of  the  stock;  these  are 
employed  for  dressing  and  ftiishing  with  exactness  separately^ 
either  side  of  the  remite. 

The  phne  by  which  a  square  groove  is  taken  out  of  the 
edge  of  a  board,  so  as  to  leave  a  ridge  on  each  side,  is  called  a 
plough,  and  the  operation  of  cutting  with  it  is  called  plough- 
ing. To  prevent  the  necessity  of  having,  for  grooves  of 
different  sizes,  a  great  number  of  ploughs,  which  would  he 
cumbenome  and  expensive,  a  tool  of  this  description,  called  a 
unifersal  plough,  is  manufactured.  The  stop  and  fence  of  the 
untvenal  plough  are  moveable,  and  it  admits  alternately,  accord^ 
log  to  the  extent  ol  tjio  groove  desired,  ten  or  a  dozen  di&reni 
sizes  of  irons.  -^ 
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Mouldiug-pfaiiict.— The  googe.-— The  finncr  cbiwL— Mortise  chiaeL 

Moolding-phuies  admit  of  the  gmtestdivereitj  of  coatoor) 
irbicb  is  necessarily  the  reverae  of  the  mouldiiig  prodaoed. 
The  figure. of  the  edjp  of  the  iron  and  that  of  the  sole,  sboold 
exacily  correspond ;  in  whetting  the  iron,  great  caie  mnst  be 
taken  not  to  injure  its  form :  tne  whole  of  the  sole,  or  at  least 
the  ridges  of  the  moulding,  especially  if  narrow  at  the  base, 
should  be  made  of  box*wo(xl,  waich  unites,  in  a  greater  degree 
than  perhaps  Miy  other  wood,  the  valuable  properties  of  haid- 

\y  tonghnem,  smoothness,  and  durability. 


Of  Chisels. 

The  Yenr  large  chisels  used  by  carpenters,  millwrights,  and 
others,  for  beavv  coarse  work,  are  generally  compoasd  of  iron 
and  steel,  welded  together, — ^the  steel  forming  but  a  small 
portion  of  the  whole  mass  of  metal,  as  it  seldom  extends  higher 
than  the  broad  part  of  the  tod,  and  often  constitutes  no  more 
than  a  third  of  the  thickness.  The  small  and  middle^iaed 
chisds  of  the  best  kind,  are  always  made  of  cast  steel.  As  all 
chisels,  not  exclusively  employed  m  turning,  are  driven  more  or 
less  bv  percussive  force,  they  are  (except  the  socket  chisel) 
provided  with  a  shoulder,  which  abuts  against  the  end  oC  the 
nandle  into  which  the  tang  is  driven,  and  prevents  it  from 
being  sjriit  by  bbws*  The  basil  of  chisels  are  on  one  side,  and 
if  well  formed  should  be  quite  flat. 

The  gouge  used  by  the  joiners  and  cabinetpmakers  is  similar 
to  that  m  tte  turner,  though  not  always  sharpened  in  the  same 
way.  The  edge  is  genemUy,  by  joiners  and  cabinet-makers,  for 
•mall  work,  made  straight  across  the  end,  and  not  convex  Iiki9 
the  turner's  gouge.  The  millwrights,  again,  oilen  make  the 
basil  on  the  hollow  or  concave  side  of  the  gouge,  in  order  to  cut 
with  it  perpendicularly. 

The  thin  broad  chisel,  the  sUes  of  which  are  parellel  for  a 
certain  length,  and  which  afterwards  becomes  narrower  towards 
the  shoulder,  obtains  the  name  of  the  firmer  chisel  when  driven 
by  the  mallet,  and  of  the  paring  chisd,  whoi  the  hand  only  is 
employed  in  cutting  with  it. 

The  commcm  mortise  chisel,  the  section  of  which  is  a 
rectangle  approaching  almost  to  a  square,  is,  as  its  name  implies* 
employed  in  making  mortises;  the  oasii  is  made  on  one  side  of 
its  narrow  sides.  It  is,  from  its  form,  very  strong,  which  is 
necessary  not  only  on  account  of  its  having  to  sustain  extremely 
heavy  blows  with  the  mallet,  but  because  it  is  partly  used  as  a 
lever  to  set  out  the  pieces  oif  wood  as  thqr  tie  sevrndy  in  the 
cottiie  of  cutting  the  mortise. 
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11m  ■ocketMshiaeL-- The  soger. 

The  flockfit^itel  is  diitingQished  from  ot&er  chisels  by  its 
having  a  conical  socket,  instead  of  a  tang  and  slioalder,  to 
veoeive  the  handle.  It  is  used  for  the  same  purposes  as  the 
Moitise-chisdy  bat  is  not  so  thick  in  proportion  to  its  breadth. 
It  is  much  used  for  very  large  work. 

The  upper  end  of  the  handles  of  chisels  which  are  driven 
by  percuaston,  should  be  made  convex,  as  they  will  then  be 
lout  liable  to  be  split  or  injured  by  blows. 

Boring  Tools. 
The  ItLtged  of  the  boring  tods  for  wood,  is  the  auger.     The 
oldest  ooiwtruetion  of  the  auger,  which  is  yet  in  common  use* 
in  various  parts  of  the  country,  cannot  be  wrought  tiH  a  small 
excavation  nas  been  made,  which  is  mostly  done  with  a  gouge, 
at  the  place  where  the  hole  is  to  be ;  and  till  the  auger  arnves  al 
a  considerable  depth,  the  motion  erf*  it  is  very  unsteady.    This 
eld  aug«r  is  shaped  like  a  gimblet,  except  at  the  point,  which 
is  like  thai  of  a  nose*bit.    An  improved  construction  of  the 
auger,  by  Phineas  Cooke,  appeared  to  possess  so  much  merit, 
that  the  Society  for  the  Encouragement  or  Arts,  presented  thirty 
guineas  to  the  inventor.     This  is  called  the  spiral  auger,  for  it 
eonaiiited  of  a  rectangular  bar  of  steel,  twisted  in  the  shape  of 
a  bottle-soew,  terminating  in  a  short  taper  screw,  with  a  double 
worm  like  a  gimblet.    The  upper  part,  like  that  of  the  com* 
mon  aocer,  is  formed  into  a  large  ring,  in  which  the  handle  is 
inserted^  at  right  angles  to  the  length  of  the  auger.    That  part 
of  the  screw  lul joining  the  spiral,  presents  an  edge  which  cuts 
the  wood.    This  auger  is  not  very  commonly  used,  but  it 
piesoes  the  wood  much  truer  than  the  common  one,  no  picking 
IS  necessary  before  it  can  be  wrought,  nor  does  it  require  to  be 
ilrawn  out  to  discharge  the  chip.      It   is,   however,    better 
adapted  to  the  boring  of  soft  wood  than  hard.     Its  use  being 
on  this  account  more  limited  than  workmen  like,   besides  its 
beiasr  not  cheap  in  its  first  purchase,  and  if  not  made  of  eood 
saetu  and  very  carefulljr  tempered,  easily  changing  its  form, 
it  will  probably  not  regain  the  character  it  once  acquired.     The 
latest  confltroction  of  the  auger  has  been  found  to  answer  so 
well,  that  it  will  probably,  ere  lonr,  nearly  supersede  the  use 
of  the  spiral  and  common  auaer.    Like  the  spiral  one  it  termi* 
nates  with  a  gimbkt-screw,  which  draws  it  down  into  the  wood, 
while  the  workman  turns  it  round  and  presses  upon  it ;  ana 
another  pecoliar  advantage  of  which  is,  that  its  point  can  be 
set  psecisely  upon  the  centre  marked  for  the  perforation,  the 
proper   ditedioa  of  which    there  is  then  a  good  chance  of 
pieserving,    while  the   broad-endfd  auger  is  apt  to  deviate 
5.  Vol*.  I.  Q 
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DitftdviBtaKet  of  the  anger.^^itock  and  Ml. 

considerably  at  Its  yerj  comineiicement.  Immediately  above 
the  spiral  screw,  it  is,  for  a  short  length,  rather  of  a  prisrooidal 
shape,  tapering  a  little  upwards,  like  the  socket  chisel  below 
the  conical  part.  The  prismoidal  part  has  one  cutting  edge 
which  cuts  the  sides  of  the  hole,  and  another  which  cuts  the 
Ixittom.  The  core  rises  as  the  act  of  boring  goes  on,  in  the 
form  of  a  spiral  shaving.  Above  the  prismoidal  part,  the 
shaft  may  be  of  any  shape  at  pleasure,  that  possesses  sufficient 
strength,  taking  the  obvious  precaution  of  making  its  diameter 
less  than  that  of  the  bore. 

£very  one  who  makes  use  of  an  auger  in  the  usual  way  by 
band,  knows  by  experience  that  he  never  can  so  completely 
exert  his  strength  in  this  operation,  as  when  he  bores  down 
perpendicularly,  with  his  body  leaning  over  his  work ;  and  it  is 
very  evident  that  by  every  degree  of  the  auger's  elevation  from 
this  situation,  his  power  is  of  less  effect,  consequently  his 
labour  b  increased,  and  his  work  so  much  retarded,  that  in  the 
former  position  he  can  bore  four  holes  for  one  in  the  latter.  In 
hand  boring,  also,  the  unsteady  and  irregular  motion  of  the 
auger,  (particularly  when  the  common  old-shaped  one  is  used,) 
at  its  first  entrance  into  the  wood,  occasions  the  holes  to  be 
bored  very  crooked,  often  larger  without  than  within,  and  very 
wide  of  the  direction  aimed  at,  especially  if  the  wood  proves 
hard  and  knotty,  and  the  holes  are  deep.  Rc^rding  the  pre- 
vention of  those  disadvantages  as  a  matter  of  considerable  con- 
sequence to  shipbuilders,  and  a  variety  of  other  artbts,  the 
Society  for  the  £)ncouragement  of  Arts,  &c.  presented  the  sum 
of  fifty  pounds  to  William  Bailey,  for  his  invention  of  a 
machine  for  boring  auger^holes,  by  the  use  of  which  the  force 
of  the  workman,  and  consequently  the  despatch  of  hb  opera- 
tions, are  equally  exerted  in  all  directions.  It  is  nnavoiaable 
also,  in  the  usual  way  of  boring,  for  the  actbn  of  the  auger  to 
be  discontinued  twice  in  every  revolution;  but  with  the 
HiachiDe  the  motion  b  continued  with  equal  force  and  velocity, 
till  the  auger  has  bored  to  the  depth  required.  A  descriotion 
of  this  machine,  illustrated  by  a  pfaUe,  may  be  seen  in  Batley's 
Advancement  of  Arts;  our  limits  will  not  allow  us  the  further 
notice  of  it  here,  but  the  fiu^  of  such  a  contrivance  havinr 
been  executed,  being  mentioned,  the  ingenious  mechanic  wiu 
not  perhaps  find  it  ver^  difficult  Co  contrive  one  for  himself. 

The  contrivance  lor  boring  next  entitled  to  notice,  bthe 
stock,  which  is  in  effect  a  crank,  not  unlike  the  handkirill, 
am)  freauently  made  of  iroa^  though  generally  of  wood, 
defended' by  brass,  at  the  parts  most  subject  to  wear.  Where 
the  crank  terminates,  two  tnort  limbi,  (much  thoiter  In  piopor- 
tiun  than  those  of  the  haad-drill})  project  from  it,  in  a  line  with 
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The  govge-bit. — Ceotre-bit.-*CoiuiteniDk. — Gimbiet. 

each  other,  and  parallel  with  that  part  of  it  by  which  it  is 
levolred.  In  the  end  of  one  of  these  limbs,  which  is  called 
the  pad,  the  piece  of  steel  by  which  the  boring  is  performed, 
is  inserted;  the  other  limb  is  connected  with  a  broad  head, 
rather  convex  externally,  which  head  is  placed  against  the 
breast,  and  is  stationary  while  all  other  parts  are  revolved. 

The  piece  of  steel  inserted  in  the  stock  is  called  the  bit ;  as 
it  can  readily  be  taken  out  or  pat  in,  the  same  stock  serves  for 
bits  of  all  sizes.  They  are  difibrently  shaped,  according  io 
4heir  nse.  The  ^ouge-bit  is  best  adaptol  for  boring  small  holes 
in  soft  wood^  it  is  shaped  nearly  like  the  turner's  gouge,  but  is 
lather  more  pointed  like  asfxion  at  the  extremity;  theimsil  is 
made  in  the  inside,  and  the  sides  are  brought  to  a  cutting  edge 
like  those  of  a  gimbiet.  The  centre-bit  has  a  small  conical 
point  projecting  from  the  lower  end ;  this  point  entering  the 
wood  first,  keeps  the  tooth  of  the  bit  ftom  wandering  out  of  its 
bvoper  course,  and  the  hole  is  bored  straight  with  ^rcaC  ease;  .^ 
The  taper  ^dUbit  is  used  for  widening  holes ;  it  di&rs  from 
the  goug&>bit  chiefly  in  tapering  graduaUy  from  the  pad  to  the 
lower  eiiitiemity. 

The  bit  for  widening  the  upper  part  of  a  hole,  to  adniit  the 
head  of  a  screw,  is  called  a  countersink.  The  head  of  the 
countersink  is  conical,  and  the  cutting  edge  is  single  when 
made  for  wood  atone,  and  stands  out  a  littfe  from  the  side  of 
the  cone*  Joiners  and  cabinet-makers,  however,  are  ^nerally 
provided  with  countersinks  for  brass,  and  these,  which  have 
ten  or  «  dooen  teeth  on  the  surface  running  slantwise  fimn  the 
base  up  the  eides  of  the  cone,  they  frequently  make  use  of  for 
wood,  especially  when  it  is  hard,  and  they  are  anxious  to  avoid 
tearing  it  ^  for  the  teeth  of  the  brass  countersink  act  like  those 
of  affie. 

The  gimbiet  is  a  boring  implement  too  well  known  to  require 
any  explanatidn  of  its  construction;  but  with  respect  to  its 
roanai^ment,  it  may  not  be  wholly  useless  to  remind  the  novice, 
that  like  «ther  txnring  tools  of  a  simibr  conformation,  it  requires 
to  be  withdrawn  to  remove  the  core  as  often  as  the  cup  or 
groove  is  filled,  and  this  will  be  sooner  or  later,  not  only  in  pro- 

Krtkm  to  the  depth  penetrated,  but  the  density  of  the  wood*, 
deed,  in  boring  such  wood  as  lignum-vitae,  which  clogs  the 
tool,  it  is  adrisable  to  withdraw  the  gimbiet,  to  clear  away  the* 
core,  before  the  cup  is  full.  The  auger  givies  warning  of  the 
time  to  stop,  by  the  difficulty  of  turning  it,  when  surchar^ped 
with  shavings,  and  is  too  strong  a  tool  to  be  in  danger  of  being 
twisted;  but  the  smallness  of  the  gimbiet  renders  it  liable  to  be 
twisted  and  broken  before  the  workman  is  aware,  if  not  often 
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Ibr  examining  ibe  squareness  of  a  piece  of  stuff,  and  not  far 
drawing  lines.  In  this  case,  the  sides  of  the  sqoaie  are  not 
held  parallel  with,  but  perpendicular  to  the  piece  e3cainined4 
The  mode  of  ascertaining  the  correctness  of  the  square  used  ta 
the  working  of  metals,  has  been  already  detailed,  and  wtil  pro- 
iMibly  ^u^;est  the  proper  method  of  trying  the  squars  now 
described*  Here  we  have  no  occasion  for  a  ledge,  the  shoulder 
b  pressed  against  the  edge  of  a  rectangular  pi»De  of  stuff,  and 
a  line  drewn  dose  to  the  blade ;  the  square  is  then  turned  over, 
and  another  line  drawn  as  in  the  former  case,  and  consequently 
if  the  instrument  deviate  from  a  correct  figurei  the  error  is 
delected  upon  the  same  principle  as  before* 

The  bevel  cansisfs  ot  a  blade  and  stock  similar;  to  those  oi 
the  square,  flrora  which  it  diflfers  only  in  one  paiticular,  viz.> 
that  the  bfaule  is  moveable,  and  can  therefore  be  set  at  any 
angle  which  may  be  required.  The  joint  should  be  stiffy 
otherwise  the  bevel  cannot  be  depended  on  for  remaining  as  it 
has  been  set.  Though  not  practUed,  it  certainly  would  be 
easy  to  adapt  a  screw  to  the  bevd,  in  suck  a  manner  as  to  hcdd 
the  blade  firmly  at  any  angle  desired. 

The  mitre-square  is  a  bevel,  the  blade  of  which  is  immovea* 
biy  fixed  in  the  stock,  and  is  commonly  set  for  marking  an 
angle  of  forty-five  degrees,  this  ang^e  being  more  fveouently 
required  in  joinery  than  any  other  angle  except  the  rifpt  one. 
Pieces  of  stuff  bevelled  at  their  extremities,  and  jomed  by 
placing  two  of  the  bevelled  sur&oes  together,  are  said  to  m 
ifiitred.  Mitrine  is  oflen  used  in  plane  work,  but  .when  the 
pieces  to  be  joined  at  an  angle,  are  moulded,  and  the  continuation 
of  the  mouldings  is  not  to  be  broken,  it  babwlutdy  necessary. 
Hence  its  frequent  use ;  instances  of  it  occur  at  tkie  comers  of 
rooms,  where  the  skirting  boards  of  two  difierent  sides  meet, 
fai  the  surbate  under  the  same  circumstances,  at  the  angles  of 
picture-frames,  &c. 

The  gauge  is  au  instrument  consisting  of  a  stem,  usually  in 
the  form  of  a  sauare  prism,  with  a  small  steel  point,  nearly  at  the 
end  of  one  of  tne  surfaces  in  the  direction  of  its  leiigth,  and  ju^ 
projecting  enough  to  mark  distinctly  when  pressed  upon  wood*; 
the  stem  passes  at  right  angles  through  a  mortise  in  the  middle 
of  a  piece  of  wood  called  the  head,  to  which  it  is  about  equal 
in  point  of  thickness ;  but  those  surfooes  of  the  head  through 
which  Ibe  mortise  passes,  should  not  be  less  than  three  times  the 
dtameler  of  the  stem.  The  head  can  be  set  at  any  distance 
required  fiom  the«toel  point,  and  tibere  secured  by  a  small 
wedge,  passing  through  a  mortise  in  one  of  its  sides,  and  bear- 
ing upoo  the  «tam.    The  use  of  the  gauge  is  to  draw  lines 
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parallel  to  the  arris  of  a  piece  of  stuff,  io  ser^e  as  a  goide  for 
the  saw,  the  plane,  or  the  chisel.  In  drawing  the  line,  it  is 
necessary  to  keep  that  side  of  the  head  which  is  next  the  s(eel 
point  rather  firmly  pressed  against  the  edge  of  the  stuff,  other* 
wise  the  point  will  be  apt  to  deviate  from  its  proper  course,  if 
it  meet  with  knots  or  irregularities  in  the  grain. 

A  gauge  made  with  two  points  projecting  on  the  same  side, 
and  one  of  which,  (being  moveable  in  a  groove  or  mortise,) 
can  be  placed  at  any  distance  from  the  other,  is  called  a  mortise- 
gau|pe;  it  is  used  alike  in  gauging  mortises  and  tenons. 

Though  the  steel  straight-edge  is  hardly  known  even  by  name 
to  a  great  majority  of  the  artists  who  work  in  metal,  yet  Uie  wood* 
en  rtraight*edge  is  familiar  enough  to  most  who  work  in  wood* 
Wooden  straight-edges  should  be  made  of  stuff  exceedingly 
wdl  seasoned;  it  is  usual  to  make  two  at  the  same  time;  the 
sides  are  first  made  true,  and  each  piece  of  equal  thickness; 
they  are  then  placed  against  each  otner,  and  fastened  in  the 
cbe^  of  the  bench-screw,  in  which  situation  their  upper  edges 
are  planed  true  with  the  assistance  of  a  straight«edge  which  can 
be  ciepelhded  on,  or  as  nearly  true  as  can  be  determined  by  the 
eye,  if  we  cannot  rcudily  obtain  a  straight-edge  for  the  trial. 
When  the  pieces  are  suppo^^  to  be  true,  they  are  taken  out  of 
their  situation,  and  the  edges  last  planed  are  placed  upon  each 
other.  If  the  surfaces  coincide  so  exactly  tiiat  no  hght  can 
pass  between  them,  the  straightedges  are  finished ;  but  if  any 
error  be  delected,  the  planing  with  the  jointer  must  be  renewed 
in  the  same  manner  as  oefore,  and  the  examination  repeated  till 
the  result  is  satisfiictory .  The  use  of -the  straight-edge^  in  ascer* 
taining  the  straightness  of  other  surfaces,  is  not  inconsiderable. 

Winding-sticks  are  always  used  in  pairs,  and  the  use  of 
them  cmistitutes  another  contrivance  for  determining  the  level- 
ness  of  any  given  surface,  that  the  workman  may  reduce  it 
more  or  less  in  any  particuhr  part,  in  order  to  make  it  true. 
Stmight-edges  are  customarily  finished  only  on  one  edge;  but 
if  both  eoges  were  finished,  and  thev  were  made  correctly 
rectangnhr,  that  is,  of  eaual  breadth  through  their  whole 
length,  they  would  aosww  tae  end  of  winding-sticks,  which  are 
used  in  the  ibllowing  manner:  one  of  them  is  placed  at  each 
end  of  the  turliioe  tobt  examined,  the  eye  is  then  directed  from 
the  uppermost  edge  of  the  nearer  one  to  that  perpendicular  side 
of  the  fefther  one  which  is  next  the  observer.  If  the  eye  be 
elevated  or  depieased.  till  one  end  of  the  nearer  winding-stick 
intemept  the  view  of  the  opposite  perpendicular  side  of  the 
Dther;  and  the  other  two  ends  are  observed  to  have  the  same 
relative  situation^  the  ends  of  the  surface  examined  ai^  already 
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.<>j-<w.  Xk  X  tar  WMV  vMh^^lkk  will  act 
>~^^-*  .«nijMm  *  tmjuai  tithe  tartlmQBe,  llie 
<«    V  -M   :>vj^  mam  Sr  mimti  nil  tbts  m  the  one. 
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purections  for  miDg  glue.— Glue  wliich  rentts  water. 

The  circumstaoces  most  fiivourable  to  the  best  effect  which 

flue  can  produce^  in  uniting  two  pieces  of  wood,  are  the  fol- 
ming :  that  the  glue  shouki  be  thoroughly  dissolved,  and  used 
boiling  hot  at  the  first  or  second  melting ;  that  the  wood  should 
be  warm  and  perfectly  dry ;  that  a  very  thin  covering  of  glue  be 
interposed  at  the  juncture,  and  that  the  surfaces  to  be  united 
be  strongly  pressed  together,  and  left  in  tliat  slate,  in  a  warm 
but  not  hot  situation,  till  the  glue  is  completely  hard.  In 
▼eneering,  and  for  all  very  delicate  work,  the  whole  of  these 
lequisites,  as  they  not  only  ensure  the  strongest  joint,  but  the 
glue  sets  the  soonest,  should  be  combined  in  the  operation;  but 
on  some  occasions  this  b  impossible,  and  therefore  the  most 
essential  must  be  regarded,  such  as  the  hotness  of  the  glue,  and 
the  dryness  of  the  wood.  When  the  faces  of  joints,  parti* 
cnlarly  those  that  cannot  be  much  compressed,  have  been 
besmeared  with  glue,  which  should  always  be  done  with  the 
greatest  expedition,  they  should  be  rubbed  lengthwise  one  upon 
another  two  or  three  times,  to  settle  them  close. 

"When  glue,  by  repeatedly  melting  it,  has  become  of  a  dark 
and  almost  black  colour,  its  qualities  are  impaired;  when  newly 
melted,  it  is  of  a  light  ruddy  brown  colour,  nearly  like  that  of 
the  dry  cake  held  up  to  the  light;  and  while  this  colour 
nmains,  it  may  be  considered  fit  for  almost  every  purpose* 

Tiiottgh  glue  which  has  been  newly  melted  is  the  most  suita* 
ble  for  use,  other  circumstances  being  the  same,  yet  that  which 
has  been  the  longest  manufactured  is  the  best.  To  try  the 
goodness  of  glue,  steep  a  piece  three  or  four  days  in  cold  water ; 
if  it  swell  considerably  without  melting,  and  when  taken  out 
icsumes,  in  a  short  time,  its  former  dryness,  it  is  excellent.  If 
it  be  soluble  in  cold  water,  it  is  a  proof  that  it  wants  strength. 

A  glue  which  does  not  dissolve  in  water,  mav  be  obtained 
by  melting  common  glue  with  the  smallest  |)06sibie  quantity  of 
water,  and  adding  by  degrees  linseed  oil  rendered  drying  by  boil* 
ing  it  with  litharge;  while  the  oil  is  added,  the  ingredients 
must  be  well  stirred  to  incorporate  them  thoroughly. 

A  glue  which  will  resist  water,  in  a  considerable  degree,  is 
made  by  dissolving  common  glue  in  skimmed  milk. 

Finely  levigated  chalk  added  to  the  common  solution  of 
glue  in  water,  constituties  av  addition  which  strengthens  it,  and 
renders  it  anitabie  for .  sign*boank,  or  other  things  which  must 
stand  the  weather. 

A  glue  that  will  hold  a^pinst  fire  or  water,  may  be  prepared 
b^  mixing  a  handful  of  qtiick  lime  with  four  ounces  of  linseed 
ml;  thoroughly  levigate  the  mixture,  boil  it  to  a  good  thickness, 
smd  then  spvoid  it  on  tin  plates  in  the  shade ;  it  will  become 
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/  be  dinol?ed  over  a  fiiei  as  oidiouy 
glee,  end  is  theo  fit  fcr  uae. 

Several  gltMS,  sadi  m  that  of  binf^BU^  which,  for  a  varieftf 

of  reasons,  are  not  used  in  the  commoo  eonree  of  bosiness 

loinen  and  cabmeUniakflni  we  shall  speak  of  paiticohriy 

the  head  Cements. 

Of  ike  Martite  and  Temm. 

The  proportion  which  mortises  and  tenons  ought  to  bear  to 
the  wood)  under  difierent  drcomstanoes,  has  never  been  demon- 
stmted  by  experiments  made  for  that  purpose.  It  is  common 
practice,  therabre,  alone,  which  dictates  the  rules  to  be 
observed.  In  general  the  tenon  is  one-third  of  the  thickness  of 
the  rtttff;  but  when  the  mortise  and  tenon  are  intended  to  iio 
lioriaontally,  and  the  juncture  will  be  unsupported,  the  tenon 
should  not  be  more  than  one*fifth  of  the  thicknem  of  the  stoi^ 
otherwise  a  strsin  or  weiafat  on  the  upper  suiftce  of  the  tenoned 
pifi'e  would  probablv  split  off  the  under  cheek  of  the  martise^ 
while  the  tenon  itselr  remained  sound. 

Ill  joiniugtwopiscsaof  tiasber,  so  that  the  tenoned  piece 
shall  not  pass  the  end  of  the  asortased  pieoe^  to  prevent  the 
necessity  or  cutting  opctt  the  side  of  the  naortise,  the  tenon  bmsI 
be  mlttcfd  one4hted  or  at  least  one^bnrth  of  its  biendth.  b 
either  case,  the  mortise  will  still  be  so  near  the  cad  of  the  piece 
in  which  it  is  made,  as  to  be  split  bjr  a  smaU  foice  in  driving 
111  the  teiHUi.  To  pieveal  this  accident,  it  is  cnstoosaiy,  on  such 
occasions  as  admit  of  the  pescaution  being  taken,  to  make  thn 
end  beyond  the  mortise  considerabiy  hmger  than  it  ia  iirfmidcd 
to  wmtdni  the  tMon  nwy  then  be  driven  tightly  in,  and  the 
superfluous  wood  aRerwanis  cut  off. 

The  above  proportions  for  the  moitiseaad  tenon,  lefer  to  the 
joining  of  timber,  like  dimensions  of  which  are  of  the  same 
atms^,  and  thetefort  it  wUl  be  necemaiyto  vary  thcasyaoooad- 
ing  as  one  piece  is  weaker  or  strooger  than  the  other. 

In  making  deep  mortises,  especially  in  hard  woad,  it  is 
customary  to  shorten  the  labour,  by  comsamcing  it  vrith  boring 
a  number  of  auger  holes,  the  compartments  batspun  which  am 
apeedfly  cut  away  with  the  chisel* 

In  neat  work,  beibm  a  saw  is  cmplpyad  to  cut  the  AonUer 
of  a  tenon,  nick  the  plaoe  with  a  porinr  ohiael;  the  mw  will 
Mt  then  tear  the  wood,  and  the  une  m  its  entrance  asay  to 
oerrectty  determined. 

When  the  mortise  is  to  pam  enlinlly  thiou|^  a  piece  of  ilofl; 
the  space  aUotted  for  it  is  gauged  on  both  aidm  witktke giuatert 
rncMm,  nnd  when  it  has  toon  half  onl  torn  one  sHs^  tto 
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mnainieg  llalf  it  cut  from  the  opposile  one.  By  this  meanty 
if  there  be  any  error  in  the  direction  of  the  chisel,  it  is  of  Uttle 
oonsequenoe,  the  irregularity  being,  confined  to  the  middle  of 
the  mortise.  The  sides  of  the  mortise  shooldi  however,  be 
made  as  even  as  fxissible,  that  they  may  every-where  come  in 
contact  with  the  sides  of  the  tenon. 

The  sides  of  a  mortise  that  passes  through  the  stuff,  should  be 
to  each  other  a  little  towards  the  shoukters  of  the  tenon^ 
because  the  bitter^  after  it  is  driven  in,  is  expanded  by  wedges. 


We  cannot  close  these  details  of  the  primary  operations  by 
which  meials  and  timber  are  fitted  for  mechanical  purposes,  witlw 
out  ofleriBg  a  few  sentiments  to  the  consideration  ot  the  young 
artist  interested  in  them,  whether  be  is  one  who  is  anxious  to  ex« 
oel  in  a  paiticokur  bianch  of  art,  as  afibrding  the  means  of  honour* 
aUe  livelihoad ;  or  claims  merely  the  appellation  of  an  amateur, 
who  studies  mechanical  operations  from  the  love  of  knowled^ 
the  desire  of  amusement,  or  the  hope  of  celebrity  in  makmg 
dieooveries  or  improvements.  Let  him  not  be  discouraged  by 
the  fiuluie  of  fiik  attempts.  Instead  of  losing  his  time  in 
uselessly  rmetting  his  disappointment,  let  him  examine  into 
the  cause  of  it,  and  promptly  repeat  his  experiments  with  more 
ptecautioD.  It  is  a  mistaken  idea,  that  manual  dexterity  is 
absohitely  dependent  upon  length  of  practice;  uncommon  are 
the  cases  in  which  it  feds  to  be  the  early  reward  of  those  who 
unite  peraeverance^patient  and  prompt,  with  an  attentkm  ever 
alive  to  avail  themselves  of  evay  new  light  which  the  liberality 
of  othen,  or  the  course  of  their  own  experience  supplies.  But 
those  who  postpone  ardent  exertbn,  by  satisfying  themselves 
with  the  hope,  that  length  of  practice  will  perfect  them,  will 
in  Um  end  regret  their  delusion,  and  may  ineffectually  trj^  to 
leoover  their  loss,  when  habitual  languor  and  other  injurious 
habits,  have  rendered  the  mind  averse  to  observe,  and  the  hand 
unaUe  to  perform* 

Much  might  be  said  on  this  subject,  but  we  forbear  a  length* 
ened  disquisition ;  yet  we  cannot  omit  observing,  that  those  who 
take  an  early  delight,  and  attain  an  early  proficiency  in  mecha- 
nical arts,  are  preparing  an  excellent  groundwork  tor  investiga* 
tjons  of  a  higher  order.  They  are  acquiring,  in  the  disguise  of 
amusement,  that  dexterity  of  hand,  aiul  fecility  of  contrivance, 
that  readiness  in  supplying  tiieir  casual  wants,  and  habit  of 
mathodical  arrangement,  which  will  afterwards  qualify  them  to 
ex^re  the  paths  of  knowledge  through  th^  niedium  of  phifo- 
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sophical  experiment;  and  in  pnyportion  as  these  interest  their 
attention,  they  will  be  disposed  to  study  in  earnest  the  funda* 
mental  principles  of  science. 

It  may  be  well  for  the  young  artists  we  are  addressing,  to  be 
apprized,  that  to  make  any  useful  proficiency  in  mechanical 
pursuits,  to  be  distinguished  for  skill  and  promptitude  of 
execution,  requires  a  dcjipfee  of  patient  perseverance,  of  which 
few  who  have  been  brought  up  at  the  desk  or  behind  the 
counter,  can  form  any  adequate  idea;  and  who,  therefore,  would 
be  uneaf^y  and  unhappy,  under  a  degree  of  exertion  which  they 
must  learn  to  display  without  entertaining  a  sentiment  of  its 
hardship.  Let  them  not,  however,  consider  the  prospect  dreary ; 
the  habits  indispensable  to  their  full  success,  if  acquired,  allowed 
their  due  influence,  and  guided  by  moral  prudence,  are  of  in« 
estimable  value;  they  are  extending  the  means  of  multiplying 
their  comforts ;  they  are  increasing  the  power  of  the  head  to 
contrive  as  well  as  of  the  hand  to  execute,  and  the  steadiness 
of  attention  superinduced,  will  be  beneficial  to  them  in  every 
action  of  their  lives. 

All  know,  but  few  act  as  if  they  believed,  that,  accident  out 
€>f  the  question,  success  in  the  general  issue  of  our  exertions, 
is  made  up  of  success  in  little  matters,  or  individual  operations.  * 
Let  us.  then  be  allowed  to  impress  this  trubm  upon  the  reader's 
mind,  and  to  elucidate  it  by  stating,  that  if  two  workmen  have 
each  fifteen  thousand  motions  to  make  in  ten  hours,  he  who  shall 
perform  each  motion  half  a  second  more  quickly  than  the  other, 
will  terminate  his  labour  two  hours  sooner!  Two  hours  of 
spare  time  may  be  employed  to  great  advantage,  yet  what  is 
half  a  second  considered  by  itself?  and  by  bow  many  may  this 
economy  ijf  time  be  practised,  without  a  perceptible  addition 
of  iatigue?  The  quantity  of  labour  is  no  criterion  of  the 
fatigue  it  will  occasbn,  even  to  those  who  are  alike  in  corporal 

E^wer.  The  sentiments  by  which  we  are  actuated  in  the  per* 
rmance  of  a  task,  have  a  paramount  influaoce;  languor  of 
mind  prematurely  exhausts  the  body,  and  the  weariness  exfieri* 
enoed  is  often  disproportioned  to  the  animal  strength  possessed. 
But  our  sentiments  are  much  under  our  control,  and  it  surely 
ahould  be  our  study  to  cherish  those,  which  by  inspiring  alacrity 
of  exertion,  are  essentially  conducive  to  our  interest  To  the 
labourer,  there  is  the  prospect  of  commanding  respect,  and  of 
bettering  his  conditicm ;  to  the  amateur,  besicus  the  common, 
daily  advantages  of  knowledge,  and  the  indeprivaUe  gfatifioa^ 
lion  which  the  acquirement  of  it  alfords,  there  is  the  aniroatinj^ 
hope,  that  if  discoveries  crown  his  exertions,  he  may  be  eoosi- 
dered  a  benefiu4or  to  mankind. 
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ARCHITECTURE. 

The  science  of  Architecture  may  be  considered,  in  its  most 
extended  application,  to  comprehend  building  of  every  kind ; 
but  at  present  ive  must  consider  it  in  one  much  more  restricted, 
accordmg  io  which  Architecture  may  be  said  to  treat  of  the 
planning  and  erection  of  edifices,  which  are  composed  and 
embellished  after  certain  long  established  niles,  according  to 
two  principal  modes, 

Ist,  the  English  or  Gothic, 
2nd,  the  Antique,  or  Grecian  and  Roman. 
We  shall  treat  of  these  modes  in  distinct  dissertations, 
because  their  principles  are  completely  dbtinct,  and  indeed 
fnostly  form  direct  contrasts.     But  before  we  proceed  to  treat 
of  them,  it  will  be  proper  to  make  a  few  remarks  on  iht  A\%* 
tinction  between  mere  house-building,  and  that  hi&^her  character 
•f  composition  in  the  Grecian  and  Roman  orders,  which  is 
properly  styled  Architecture;  for  though  we  have  now  very 
many  nobly  architectural  houses,  we  are  much  in  danger  of 
having  our  public  edifices  often  debased,  by  a  consideration  of 
what  is  convenient  as  a  house,  rather  than  what  is  correct  as 
an  architectural  design. 

In  order  properly  to  examine  this  subject,  we  must  consider 
a  little,  what  are  the  buildings  regarded  as  our  models  for  work- 
ing the  orders,  and  in  what  climate,  for  what  purposes,  and 
under  what  circumstances  they  were  erected.  This  may,  per- 
haps, lead  io  some  conclusions,  which  may  serve  to  dtstmguish 
that  description  of  work,  which,  however  rich  or  costly,  is 
still  mere  house-building,  in  point  of  its  composition. 

It  is  acknowledged,  oh  all  hands,  that  our  best  models,  in 
the  three  ancient  unmixed  orders,— 4lie  Doric,  Ionic,  and 
Corinthian,  are  the  remains  of  Grecian  temples.  Most  or  them 
were  erected  in  a  clinuite,  in  which  a  covering  from  rain  was  by 
no  means  essential,  and  we  shall  find  this  circumstance  very  in- 
fluential; for  as  the  open  space  within  the  walls  was  always 
Krtially,  and  often  wholly  open,  apertures  in  those  walls  for 
^ht,  were  unnecessary;  and  we  find,  also,  in  Grecian  struc- 
tures, very  few,  sometimes  only  one  door.  The  purpose  for 
which  these  buildings  were  erected,  was  the  occasional  reception 
of  a  large  body  of  people,  and  not  the  settled  residence  of  any. 
But,  perhap*,  the  circumstances  under  which  they  were 
erected,  have  had  more  influence  on  the  rules  which  have  been 
handed  down  to  us,  as  necessary  io  be  observed  in  composing 
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desipiBj  than  either  the  climate  or  their  use.  It  is 
BOW  pidty  generally  agreed,  that  the  Credos,  if  they  were 
acquainted  with  the  mathematical  propertieB  of  the  arch,  did 
not  ofe  it  till  it  was  introduced  by  tm  ttomans.  Here  then  we 
see  at  once  a  limitation  of  the  intercolumniation,  which  mnst  be 
restrained  by  the  necessity  of  findin|^  stones  of  sufficient 
length  to  form  the  architrave.  Hence  the  smaller  comparo- 
tiTc  intercolumniations  of  the  Grecian  buildings,  and  the 
constant  use  of  columns ;  and  hence  the  propriety  of  avoiding 
arches,  in  compositions  of  the  purer  Grecian  orders. 

The  Romans  introduced  the  arch  very  extensively,  into 
baiidings  of  almost  every  description,  and  made  several  altera* 
ttons  in  the  mode  of  working  the  orders  they  found  in  Greece, 
to  which  they  added  one  order,  by  mixing  the  Corinthian  and 
Ionic,  and  another  by  stripping  the  Doric  of  its  ornaments. 
Their  climate,  also,  was  so  for  diffinrent  as  to  reauire  more 
general  roofing,  but  still,  from  the  greater  necessity  of  providing 
a  screen  from  the  heat  of  the  sun,  than  apeitures  to  admit  the 
light,  it  does  not  appear  that  brge  windows  were  in  general  use, 
and  hence  an  important  difference  in  modem  work*  Although) 
by  roo6  and  arches,  much  more  approximated  to  modem  neces* 
sities  than  the  Grecian  models,  still  those  of  Rome  which  can 
be  regarded  as  models  of  composition,  are  temples,  or  other 
public  edifices,  and  not  domestic  buildings,  which,  whenever 
they  have  been  found,  appear  variously  unadapted  to  modem 
wants,  and  therefore  unnt  for  imitation. 

In  a  few  words,  we  may  sum  up  the  grand  distinctions  be- 
tween mere  building  and  architectural  design:— -the  former  looks 
for  convenience,  and  though  it  will  doubtless  often  use  architec- 
tnrel  ornaments,  and  preserve  their  proportions,  when  used  as 
smaller  parts,  yet  the  general  proportion  may  vary  very  widely 
from  the  orders,  and  yet  be  pleasing,  and  perhaps  not  in- 
correct ; — but  all  this  is  modem  building,  and  not  architecture 
in  its  n»tricted  sense;  in  this  the  columns  are  essential  parts, 
and  to  them  and  their  proportions  all  must  be  made  subservient ; 
and  here  we  may  seek,  with  care  and  minuteness,  amongst  the 
manv  remains  yet  left  in  various  parts,  (and  of  which  the  best 
are  romiliar  to  most,  from  the  valuable  delineations  we  possess  of 
those  who  have  accurately  examined  them,)  for  models,  and  in 
selecting  and  adopting  these,  the  taste  sind  abilities  of  the 
architect  has  ample  space. 

As  an  introduction  to  the  dissertations,  it  may  not  be  amiss  to 
take  a  hnsty  sketch  of  the  progress  of  Architecture  in  England. 

Of  the  British  architecture,  before  the  arrival  of  the 
Romans  in  the  islaodi  we  have  no  dear  account;  but  it  is  not 
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likely  it  difiered  much  from  the  -ordinary  modes  of  ancivtlised 
nations;  the  hut  of  wood  with  a  variety  of  coverings, 
and  sometimes  the  cavities  of  the  rock,  were  doubtless  the 
domestic  habitations  of  the  aboriginal  Britons;  and  their  stupen- 
dous  public  edifices,  such  as  Stonehenge  and  others,  still 
mnain  to  us.  The  arrival  of  the  Romans  was  a  new  era ;  they 
introduced,  at  least  in  some  degree,  their  own  architecture, 
of  which  a  variety  of  specimens  have  been  found ;  some  few 
still  remain,  of  which,  perhaps,  the  gate  at  Lincoln  is  the  only 
one  retaining  its  original  use.  Although  some  fine  specimens  of 
workmanship  have  been  dug  up  in  parts,  yet  by  far  the  greatest 
part  of  the  Koman  work  was  rude,  and  by  no  means  compare* 
Die  with  the  antiquities  of  Greece  and  Italy,  though  executed  by 
the  Romans^  W  hen  they  left  the  island,  it  was  most  likely  that 
the  execution  of  the  Britons  was  still  more  rude,  and  endeavouring 
to  imitate,  but  not  working  on  principle  the  Roman  work,  their 
architecture  became  debasra  into  the  Saxon  and  early  Norman,  in« 
termixed  with  ornaments  perhaps  brought  in  by  the  Danes.  After 
the  conquest,  the  rich  Norman  barons,  erecting  very  magnifi^ 
cent  castles  and  churches,  the  execution  manifestly  improved, 
though  stQl  with  much  similarity  to  the  Roman  mode  debased; 
bot  tne  introduction  of  shafts,  instead  of  the  massive  pier,  first 
began  to  approach  that  lighter  mode  of  building,  which,  by 
the  introduction  of  the  pointed  arch,  and  by  an  increased 
delicacy  of  execution,  and  boldness  of  composition,  ripened, 
at  the  close  of  the  twelfth  century,  into  the  simple,  yet  beautiJFnl 
early  English  style*  At  the  close  of  another  century,  this 
style,  from  the  alteration  of  its  windows,  by  throwing  them 
into  laree  ones,  divided  by  mullions,  introducinj?  tracery 
in  the  heads  of  windows,  and  the  general  use  of  flowered 
ornaments,  together  with  an  important  alteration  in  the  piers, 
became  the  decorated  English  style,  which  may  be  con- 
sidered as  the  pafection  of  the  English  mode.  This  was 
very  difficult  to  execute,  from  its  requiring  flowing  lines 
wheie  straight  ones  were  easier  combined ;  and  at  the  close 
of  the  fourteenth  century,  we  find  these  flowing  lines  giving 
way  to  perpendicuhtr  and  horizontal  ones,  the  use  of  which  con- 
tinued to  increase,  till  the  arches  were  almost  lost  in  a  continued 
series  of  pannels,  which,  at  length,  in  one  building,  the  chapel 
of  Henry  the  VII,  covered  completely  both  the  outside  and 
inside,  and  the  eye,  ftitigued  by  the  constant  repetition  of  small 
paits,  sought  in  vain  for  the  bold  grandeur  of  design  which  had 
been  so  nobly  conspicuous  in  the  preceding  style.  The  refor* 
ttiation,  occasioning  the  destruction  of  many  of  the  tmildings 
the  most  cdelNrated,  and  mutilating  othen,  or  abstractii^  the 
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fluids  nccfWiiy  finr  their  repair,  seems  to  have  put  aa  end  to  the 
working  of  the  Eogltsh  styles  on  principle;  but  the  square 
pannelled  mullioned  windows,  and  wooden  pannetled  loofs  and 
nails,  of  the  great  houses  of  the  time  of  Queen  Elbeabeth,  seem 
rather  a  debared  English  than  an^  thing  elae;  but  during  the 
feign  of  her  successor,  the  Italian  architecture  began  to  be 
introduced,  fiist  only  in  columns  of  doors,  and  other  small 
parts,  and  afterwards  in  larger  portions,  though  still  the  general 
style  was  this  debased  English.  Of  this  intr^uction,  the  mosi 
memorable  was  the  celebrated  portico  of  the  schools  at  Oxfotdf 
where,  into  a  building  adorned  with  pinnacles,  and  having 
mullioned  windows,  the  architect  has  crowded  all  the  five 
orders  over  each  other.  Some  of  the  works  of  ini^  Jones  are 
little  removed  bevond  this  barbarism.  Longleat,  m  Wiltshire, 
is  a  little  more  advanced,  and  the  banqueting-house,  Whitehall, 
seems  to  mark  the  complete  introduction  of  Roman  workman* 
ship.  The  close  of  the  seventeenth  century  produced  Sir  Christo* 
pher  Wren,  a  man  whose  powers,  confessedly  great,  lead  us  to 
n^ret  he  had  not  studied  the  architecture  of  his  English 
ancestors,  with  the  success  which  he  did  those  of  Rome;  foe 
while  he  has  raised  the  most  magnificent  modern  building  we 
possess,  he  seems  to  have  been  pleased  to  disfigure  the  English 
edifice  he  had  to  complete.  While  his  works  at  St.  Mary,  Al* 
dermanbury,  and  St.  Dunstan  in  the  East,  prove  how  well  he 
could  execute  imitated  English  buildings  when  be  chose,  though 
even  in  them  he  has  variously  departed  from  the  true  English 
principles*  By  the  end  of  the  seventeenth  century,  the  Roman 
architecture  seems  well  established,  and  the  works  of  Vitruvius 
and  Palladio  successfully  studied;  but  Sir  John  Yanbrugh  and 
Nicholas  Hawksmoor  seem  to  have  endeavoured  to  introduce  a 
massiveness  of  stvle  which  happily  is  peculiar  to  themselves* 
The  works  of  Palladio,  as  illustrated  by  some  carpenters,  seem 
to  have  been  the  model  for  working  the  orders  during  the  greatesi 
part  of  the  eighteenth  century,  but  in  the  early  and  middle  part 
of  it,  a  stvle  of  ornament  borrowed  from  the  French  was  much 
introduced  in  interiors,  the  principal  distinctions  of  which  were 
the  absoioe  of  all  straisrht  lines,  and  almost  of  any  regular  lines. 
The  examples  of  this  are  now  nearly  extinct,  and  seem  to 
have  been  driven  out  by  the  natural  operation  of  the  advance  of 
good  workmanship  in  the  lower  dass  or  buildings.  All  ornamental 
carving  were  difficultly  executed  in  wood,  and  were  very 
expensive;  but  towards  the  kilter  end  of  the  eighteenth  centuryi 
the  Adams's  intioduoed  a  style  of  ornament  directly  oontiary  to 
the  heavy  carviQ|[  of  their  predecesson.  This  was  so  flat,  as  to 
be  easily  wosked  in  plMtcT)  and  other  compositionsi  and  oma^ 
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ment  was  aold  yviy  cheap,  »iid  profusely  used  in  carpcnieis' 
work;  and  Ibis  flatness  was  more  or  less  visible  in  many  consi- 
,daiable  biiildiiui;fi ;  but  jiear  the  close  of  the  cent ucy,  (be  magni- 
ficent works  or  Stuart  and  Keve(,  and  the  Ionian  antiquif  ies  of 
Uie  DiUetante  SkKisty,  b^an  to  excite  the  public  attentioa*  and 
in  a  few  years  a  great  alteration  was  visible;  the  massive  Doric» 
and  the  beautiful  plain  Grecian  Ionic  began  to  be  worked,  and 
our  ordinary  door  cases,  &c.  soon  began  to  take  a  better  cha- 
ncier. The  use  of  the  simple,  yet  bold  mouldings  and  <w- 
naments  of  the  Grecian  models,  is  gradually  spieading,  and 
perhaps  we  mar  hope,  from  the  prmnt  general  investigatioil 
of  the  principles  of  science,  that  this  will  continue  without 
danger  of  fiUvre  debasement,  and  that  a  day  may  come  when 
.we  shall  have  Grecian,  Roman  and  £ngUsh  edifices  erected  on 
the  principles  of  each* 

Am  the  earliest  in  point  of  execution  in  £qghuid,  we  shall 
bq^in  with  the  dissertation  on 

Enqusm  Archmtectubb. 

In  a  work  like  the  present,  there  will  be  little  propriety  in 
lengthened  disquisitions  on  the  origin  of  this  mode  of  build- 
ing; but  mncb  service  may  be  rendered  to  individuals,  by  a 
cMr  detail  of  those  distinctions  which,  being  once  laid  down 
with  precision,  will  enable  persons  of  common  observation,  to 
distinguish  the  diftrence  of  age  and  style  in  these  buildings^ 
as  eaatly  as  the  distinctions  of  the  Grecian  and  Roman 
oideiB* 

During  the  eigjhteentli  century,  various  attempts,  under 
the  name  of  Gothic,  have  arisen  in  repairs  and  rebuildini:  of 
eccleHmtical  edifices,  but  these  have  been  little  more  than 
making  clustered  columns  and  pointed  windows,  ever^  real 
ptineipie  of  English  architecture,  being,  by  the  builders, 
eithcf  unknown  or  totally  neglected. 

English  architecture,  then,  which  has  been  too  long  called 
Qothic,  flMj  be  divided  into  fovx  distinct  periods,  or  styles, 
which  may  be  named, 

1^  IttD  Norman  style, 

Snd,  the  Early  EnglUh  style, 

Srd,  the  Decorated  English  style,  and 

4th9  (he  Perpendicular  English  style. 

The  dates  of  these  styles  we  shall  state  hereafter,  and  it 
may  be  proper  to  notice,  that  the  clear  distinctions  are  now 
ainaset  cntiraly  confined  to  churchf9»;  for  the  di'tUruction  and 
aMeaation  of  cartfillrtod  bniidittgR  iwis  been  so  great,  fioin  the 
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alterations  of  the  modes  of  warfare,  tee.  that,  in  them,   m^ 
can  haidfy  tell  which  is  original  and  which  addition. 

Before  we  enter  on  a  description  of  the  styles  separately, 
it  will  be  necessary  to  explain  a  few  terms  which  are  made  use 
of  in  describing  churches,  &c.  and  without  understanding  which, 
it  will  be  impossible  to  comprehend  the  snfagect  clearly. 

Most  of  the  ancient  ecclesiastical  edifices,  when  considered 
complete,  were  built  in  the  form  of  a  cross,  with  a  tower,  hntenr, 
or  spire  erected  at  the  intersection.  The  interior  space  was 
usually  thus  divided : 

The  space  westward  of  the  cross  b  called  the  nave. 

The  divisions  outward  of  the  piers  are  called  mski. 

The  space  eastward  of  the  cross  is  generally  the  choir. 

The  part  running  north  and  south  is  called  the  crofi  or 
irans€pi. 

Tne  choir  is  generally  enclosed  by  a  scre^^  on  the  western 
part  of  which  is  usually  placed  the  organ. 

The  choir,  in  cathedrals,  does  not  generally  extend  to  the 
eastern  oid  of  the  building,  but  there  is  a  space  behind  the 
altar,  usually  called  the  lady  chapel. 

llie  choir  is  only  between  the  piers,  and  does  not  indode 
the  side  ables,  which  serve  as  passages  to  the  lady  chapd, 
altar,  &c. 

The  transept  has  sometimes  side  ableSj  which  are  often 
separated  by  screens  for  chapels. 

Chapels  are  attached  to  all  parts,  and  are  frequently 
additions. 

The  aisles  of  the  nave  are  mostly  open  to  it,  and  in  cathe- 
drak  both  are  generaDy  without  pews. 

In  churches  not  collegiate,  the  eastern  space  about  the  altar 
is  called  the  chancel. 

To  the  sides  are  often  attached  small  buildin|p  over  the 
doors,  called  parches^  which  have  sometimes  vestnes,  schools, 
ftc.  over  them. 

The  /ofil  is  generally  placed  in  the  western  pait  of  the 
nave,  but  in  smaH  churches  its  situation  is  very  various. 

In  laige  churches,  the  great  doore  are  generally  either  at 
the  west  aid,  or  at  the  end  of  the  transepts,  or  boUi ;  but  in 
tmall  churches,  ofien  at  the  sides. 

To  roo0t  cathedrals  are  attached  a  chapier^kamse  and  dok^ 
ferf,  which  are  usually  on  the  same  side* 

The  chapier^hause  is  often  multangular. 

The  cbmers  are  cenenriljr  a  quadrangle,  with  an  open  space 
intbeoentre;  thesiMto  which  is  a  series  of  aiches,  origtaaily 
glaaadi  now  mostly  open.    The  other  wall  is  geaeiully  one  tiife 
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of  the  church  or  other  buildings,  "with  which  the  cloisters  com* 
isunicate  by  various  doors.  The  cloisters  are  usually  arched 
Q¥er,  ami  formed  the  principal  communication  between  the  dif- 
ferent parts  of  the  monastery, 

The  lady  chapel  is  not  always  at  the  east  end  of  the  choir; 
Ht  Durham  it  is  at  the  west  end  of  the  nave;  at  Ely  on  the 
north  side. 

The  choir  sometimes  advances  westward  of  the  cross,  as  at 
Wesfroinsier. 

The  spaces  in  the  interior,  between  the  arches,  are  piers. 

The  windows  above  the  arches,  which  appear  on  the  out* 
fiide,  over  the  roof  of  the  aisles,  are  called  clerestory  tomdows. 

Any  building  above  the  roof  may  be  called  a  steeple*  If  it 
be  square*topt,  it  is  called  a  tower. 

A  toifer  may  be  round,  s(]|uare,  or  multangular.  The 
tower  is  often  crowned  with  a  spire,  and  sometimes  with  a  short 
tower  of  light  work,  which  is  called  a  lantern*  An  opening  into 
tjie  tower,  in  the  interior,  above  the  roof,  is  also  caUcd  a  lantern. 

Towers,  of  great  height  in  proportion  to  their  diameter, 
are  called  turrets;  these  often  contain  staircases,  and  are  some- 
times crowned  with  small  spires. 

Large  lowers  have  often  turrets  at  their  comera,  and  pAen 
one  larger  than  the  others,  containing  a  staircase;  sometimes  they 
have  only  that  one. 

The  projections  at  the  corners,  and  between  the  windows,  ara 
called  buttresses. 

The  walls  are  crowned  by  a  parapet j  which  is  straight  at  the 
top,  or  9L  battlement^  which  is  indented;  both  may  be  plain,  or 
ionk  pannelled,  or  pierced. 

jA.r|diea  ap  roMup,  pointed,  or  mixed : 

A  sefnircircular  arch  has  its  centre  in  the  same  line  with  its 
apriag. 

A  segsnental  arch  has  its  centre  lower  than  the  spring. 

A  horsershoe  arch  has  its  centre  above  the  spring. 

Pointed  prchfs  a|ve  either,  eft/t/a/rrn/— described  from  two 
centres,  which  are  the  whole  breadth  of  the  arch  from  each 
other,  and  form  the  arch  about  an  equilateral  triangle ;  or  drop 
archesy  which  have  a  Radius  shorter  than  the  breadth  of  t)ie 
arch,  and  are  descril)cd  about  an  obtuse  auglcd  triangle;  or 
lancet  arches^  which  have  a  radius  longer  than  the  breadth  of 
the  arch,  and  are  described  about  an  acute-angled  triangle. 

All  these  pointed  arches  may  be  of  the  nature  of  segmental 
arches,  and  have  their  centres  below  their  spring. 

Mixed  arches  are  of  three  centres,  which  look  nearly  like 
elliptical  arches;    or   of  four  centres,   commonly  called  the 
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Tudor  arch;  this  is  flat  for  its  »pan,  and  has  two  of  its  centres 
in  or  n«ar  the  spriDg^  and  the  other  two  far  below  it. 

The  ogre  or  contrasted  arch  has  four  centres ;  two  in  or  near 
the  ^n,  and  two  above  it  and  reversed. 

The  spaces  included  between  the  arch  and  a  square  formed 
at  the  outside  of  it,  are  called  spandreltsj  and  are  often  orna* 
mentfd. 

Windows  are  divided  into  lights  by  muBhns. 

The  ornaments  of  the  divisions  at  the  heads  of  windows,  ftc. 
is  called  iracery.  Tracery  is  either  ^otrmg*,  where  the  Ijnes 
branch  oot  into  leaves,  arches,  &c. ;  or  perpmdicwlary  where 
the  mullions  arie  continued  through  in  straight  lines. 
•  The  horizontal  divisions  of  windows,  Sec.  ate  called 
iranaoms* 

^  The  parts  of  tracery  are  ornamented  with  small  arc&ev  and 
points,  which  is  calledf  feathering ^  or  foHation^  and  the  small 
arrhes  cusps^  and  accoraing  to  the  number  in  immediate  con- 
nection, they  are  called  trefoil^  qualrefoilj  cmqucftril^  8sc.  for 
which  see  the  plate. 

The  cusps  are  sometimes  again  fieathered,  and  this  is  called 
double  feaihering. 

TMHs  are  small  projecting  mouldings,  or  strings,  mostly 
horisontal. 

The  tablet  at  the  top,  under  the  battlement,  is  called  a 
CDrmre,  and  that  at  the  bottom  a  basement,  under  which  b  gene> 
rally  a  thicker  wall. 

^  The  tablet  running  round  doors  and  windows,  is  called  a 
dripstone^  and  if  ornamented,  a  canopy* 

Bands  ate  either  small  strings  round  shafb,  or  a  boriaontal 
line  of  square,  round,  Sec.  pannels,  used  to  ornament  towen, 
ipiies,  &c. 

Niches  are  small  arches,  mostly  sunk  in  the  wall,  and  omaF* 
mented  often  very  richly  with  buttresses,  canopies,  &c. 

A  cori>el  is  an  ornamented  projection  from  the  wall,  to 
support  an  arch,  niche,  &c.  and  is  often  a  head  or  part  of  a 
4gure  or  animal. 

A  ninnaele  is  a  small  spire,  generally  sguare  and  oma* 
nenteo,  which  is  usually  placed  on  the  tops  or  buttresses,  both 
external  and  internal. 

The  small  bunches  of  foliage  ornamenting  canopies,  pinna* 
des,  ftc.  are  calkd  crockets. 

The  larirer  bunches  on  the  top  are  called  fimals^  and  this 
term  is  sometimes  applied  to  the  wnole  pinnacle. 

The  seats  for  the  dean,  canons,  ftc.  In  the  choin  of  collo* 
giite  churches,  ate  called  sloSf  • 
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The  bishop's  seat  is  called  his  throne. 

The  ornamental  open  work  over  the  stalls,  and  in  general' 
any  minute  ornamental  open  work,  is  called  tabernacle  work. 

In  some  churches,  not  colle|3:iate,  there  yet  remains  a  screen* 
with  a  lar^e  projection  at  the  top,  between  the  naye  and 
chancel,  on  which  was  anciently  placed  certain  images;  this 
was  called  a  rood  loft. 

Near  the  entrance  door  is  sometimes  found  a  small  ntche, 
with  a  basin  which  held,  in  catholic  times,  their  holy  water; 
these  are  callfd  stonps. 

Near  the  altar,  or  at  least  where  some  altar  has  once  been' 

S laced,  there  is  sometimes  found  another  niche,  distinguished 
'om  the  stoup  by  having  a  small  hole  at  the  bottom  to  carry  off 
the  remains  oHl  the  consecrated  wine;  this  is  called  a  piscina;  it 
IS  often  double,  with  a  place  for  the  bread. 

On  the  south  side,  at  the  east  end  of  some  churches,  are 
found  stone  stalls,  either  one,  two,  or  three;  of  which  the  uses 
have  been  much  contested. 

Under  several  laree  churches,  and  some  few  small  ones,  arer 
eeitain  vaulted  chapes,  these  are  called  crypts. 

In  order  to  render  the  comparison  of  the  diflferent  f^tyles  easy,' 
we  shall  divide  the  description  of  each  into  the  following  sec« 
ionst 

Doois,' 

Windows, 

Arches, 

Piers, 

Buttresses, 

Tablets, 

Niches,  and  ornamental  arches,  or  pannels, 

Ornamental  carvings. 

Steeples ; 

And  at  the  end  of  the  styles  will  be  noticed,  in  one  series, 
the  Mictions  of  battlements  and  roofs. 

We  shall  first  give,  at  one  view,  the  dato  of  the  styles, 
and  their  most  prominent  distinctions,  and  then  proceed  to  the 
particular  sect  ions  as  described  above. 

1st,  the  Norman  style^  which  prevailed  to  the  end  of  th4 
leign  of  Henry  II,  in  1189;  distinguished  by  its  arches  being 
generally  seini-circuhir,  and  not  pointed,  with  bold  and  ruM 
ornaments.  This  style  seems  to  have  commenced  before  th« 
conquest,  but  we  have  no  remains  really  known  to  be  more  than 
a  very  few  years  older. 

2nd,  the  early  English  styky  reaching  to  the  end  of  the 
reign  of  £dward  I,  in  1307 ;  distinguished  by  pointed  aidM/ 
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and  long  narrow  windows,  wtthottt  miiUions;  and  a  peculiar 
toothed  ornament,  more  fully  described  hereafter. 

3d,  Decoraied  English^  r^cbing  to  the  end  of  the  reign  of 
Edward  III,  in  ISTT^  and  perhaps  from  ten  to  fifteen  years 
longer.  This  style  b  distinguished  by  its  large  windows,  which 
bave  pointed  arches  divided  by  nmllions,  and  the  tracery  in 
flowing  lines  of  circles,  arches,  &c.  and  not  running  perpendi-, 
cularly ;  its  ornaments  rich,  and  very  delicately  carved ;  and 
ornament  used  to  a  very  great  extent,  yet  seldom  crowded. 

PcrpentScular  English.  This  is  the  last  style,  and  appears 
io  have  been  in  ose,  thongh  much  debased,  even  perhaps  as 
fiir  as  to  1630  or  1640,  but  only  in  additions.  Probably  the 
latest  whole  boilding  is  not  later  than  Henry  the  YIII.  The 
name  clearly  designates  this  style,  for  the  muUions  of  the  win* 
dows,  the  ornamental  pannelling,  &c.  run  in  perpendicular 
lines,  and  form  a  complete  distinction  from  the  last  style,  and 
the  richer  buildings  are  often  so  crowded  with  ornament,  as  to 
destrov  the  beauty  of  the  design.  The  carvings  are  generally 
very  delicately  executed. 

It  may  be  necessary  to  state,  that  though  many  writers 
speak  of  Saxon  buildings,  those  which  they  describe  as  sach« 
are  eitlper  known  to  be  Norman,  or  are  so  like  them,  that  there 
is  no  real  distinction.  But  it  is  most  likely,  that  in  some 
obscure  country  church  tower,  &c.  some  real  Saxon  work  of 
a  much  earlier  date  may  exist;  hitherto,  however^  none  has 
been  ascertained  to  be  of  so  great  an  age. 

We  shall  now  begin  to  trace  the  first  or  Norman  style,  and 
first  of 

Nomum  Docrt* 
There  seems  ia  have  been  a  desire  io  the  architects  who  suc- 
ceeded the  Normans,  to  preserve  the  doors  of  their  predecessors, 
lihenee  we  have  so  many  of  these  noble,  though,  in  most  cases, 
rude  eflbrts  of  skill  remainiug.  In  many  small  churches^ 
where  all  has  been  swept  away,  to  make  room  for  even  perpen* 
Seuhr  alterations,  the  Norman  door  has  been  suffi)rcd  to  re* 
main.  They  are  varied,  yet  there  is  no  prominent  distinction 
Id  make  it  necessary  to  subdivide  them.  The  arch  is  semi-circu- 
kr,  and  the  mode  of  increasing  their  richness,  was  by  increasing 
the  number  of  bands  of  moulding,  and  of  course  the  depth  of 
the  arch.  Shafts  are  often  used,  but  not  always,  and  we  find 
very  frequently,  in  the  same  building,  one  door  with  shafts^ 
md  one  without.  When  shafts  are  used,  there  is  commonly 
an  faapost  roouUing  above  them,  before  the  arch  mouldings 
•priBf  •    These  mooUings  are  generally  much  omamentedi  and 
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the  wave  or  zigzag  ornament,  in  some  of  its  diversities,  is  almost 
universal,  as  is  a  large  round  moulding,  ivith  the  beads  on  the 
outer  edge,  projecting  their  beaks  over  this  moulding*^  There 
are  also  mouldings  with  a  series  of  figures  enclosed  in  a  running 
' ornament;  and  at  one  church  at  York,  these  figures  are  the 
aodiacal  signs.  The  exterior  moulding  often  goes  down  no  lower 
than  the  spring  of  the  arch,  thus  formingan  apparent  dripstone, 
though  it  does  not  project  so  as  really  to  form  one.  The  door 
is  often  square,  and  the  interval  to  the  arch  filled  with  mould- 
ings. Amonpt  the  gi^at  variety  of  these  doors  in  excellent 
preservation,  it  is  difficult  to  point  out  particulars,  but  Iffley 
church,  near  Oxford,  is  perhaps  the  best  specimen,  as  it  con- 
tains three  doors,  all  of  which  are  difierent ;  and  the  south 
door  is  nearly  uniaue^  from  the  flowers  in  its  interior  mouldings. 
South  Ockenden  ciiurch,  in  Essex,  has  also  a  door  of  uncommon 
beauty  of  design  and  elegance  of  execution.  Durham,  Ro- 
chester, Worcester,  and  Lincoln  cathedrals,  have  also  fina 
Norman  doors.  In  these  doors,  almost  all  the  ornament  is  ex- 
ternal, and  the  inside  often  quite  plain. 

There  does  not  appear  to  have  been  any  double  Norman 
doors. 

Norman  Windows. 

The  windows,  in  this  style,  are  diminutive  doors  as  to 
their  ornaments,  except  that,  in  large  buildings,  shafts  are 
more  frequent,  and  often  with  plain  mouldings.  The  size 
iA  these  windows  is  generally  small,  seldom,  except  in  very 
large  buildings,  so  lar^e  as  even  a  small  door;  there  are 
no  muUions ;  the  arch  is  semi-circular,  and  if  the  window  is 
quite  plain,  generally  sloped  sides,  either  inside  or  out,  or 
both;  the  iiottom  often  nearly  horizontal.  The  proportions  of 
the  Norman  windows  are  generally  those  of  a  door,  and  very 
rarely,  if  ever,  exceed  two  squares  in  height,  of  the  exterior 
ptOMiiions,  including  the  ornaments. 

The  exktine  Norman  windows  are  mostly  in  buildings 
retaining  still  the  entire  character  of  that  style ;  for  in  inoit 
Ihey  have  been  taken  out,  and  others  of  later  styles  put  in,  as 
at  Durham  and  many  other  cathedrals. 

lliere  are  still  remaining  traces  of  a  very  few  circular  win- 
dows of  this  style ;  the  west  window  at  Iffley  was  circular,  but 
it  is  taken  out;  there  is  one  in  Canterbury  cathedral,' which 
seems  io  be  Norman ;  and  there  is  one  undoubtedly  Norman  at 
Barfreston,  rendered  additionally  singular,  by  its  being  divided 
by  grotesque  heads,  and  something  like  mullions,  though  very 
rude,  into  eight  parts, 
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There  aasm  to  have  bcca  iiaie  ii  am  auCHipc  ai  t 
or  foliating*  the  h«aife  ot  XonaHraans  or  wtaiiuws;  bvk  them 
is  a  sini^iilar  door  inliM  cioiMeisac  Cliestcr,  ^vua  a  sent-cimilar 
bead,  that  haaaa  omaaaat  or  ihisikuui*  ^ui  tram,  its  Miuaiiott^ 
and  the  allefatHHW  which  have  oaaamMipy  .i  ib  uacerfayi  wii^ 
ther  it  is  originai  or  noc 

yhrmmm  Arche^^ 

The  early  NonaaB  aiches  .ire  5cau-^*trcttiar«  omI  in  loaay 
ingtances,  thiB  tonn  ot  ihe  aich  ^seena  to  uave  cuaAimail  ti>  i^b* 
latest  date^  e^en  when  MNsa  (»c  me  i^ans  w«ie  quUtt  itiivuiictfd 
into  the  next  style;  oi  ihis  :tie  retnpie  cutucti  »>  a  cucaiiia 
instance;  heie  afe  pirts  with  soaa  oc  'tai  iOiiittfe»oi  liie  ii«jU 
style,  and  aho  poinled  aichoa  with  a  raace  ot  ui««»^KM;tif«icaiv:iiai^ 
and  oTPr  this  the  oid  nMmd  iiaaiicti  Noraauft  vi>uaitf«i-  dM 
though  the  mnnd  arch  rbna  coaonacii  to  lae  very  eM  o4  the 
style,  the  intrnrlnrtiim  at  pouted  arches  must  bavc  bt^ea  uMck 
earlier,  for  we  find  uitem-ctine  arches  la  ouikajucsot  i  uc  pofiai 
Norman,  and  whoever  constrocced  cueai«  cooMmcteu  poiaiadL 
arches ;  hot  it  appean  as  if  the  rooad  aadpotBtedaichai  weteibc 
nearly  a  century  used  indiscriminateiy^  as  was  moil  cuae*inaai  tm 
the  necessities  of  the  work,  or  the  oodder  s  ideaa.  Ikij4siaU 
aU>ey  has  all  its  work  extcnoriy  rovad  aichea»  bat  the  nave  haa 
pointed  arches  in  the  interior.  Thoeaie  S4iaia  Nusaaaa  archca 
so  near  a  semi-circle  as  to  beoalv  joit  parceptibi v  paiolcd,  and 
still  with  the  niddy  carved  NotiMA  oiaaintit    ' 

There  are  a  tew  Nunaaa  arches  at*  very  cnrioas  sfaapctt 
being  more  than  a  semictrcie,  or  what  is  called  a  hassr  >hnr, 
and  in  a  few  instances  a  doable  arch.  These  aiches  have 
times  plain  faces,  butare  much  oAeMr  onHaaaaied  with  the 
zagy  and  other  oniameats  parailiar  to  ihis^yie^ 

These  ate  of  feordescriptioaa,  1st,  Thera— ij 
aar  pier,  which  has  sometimes  a  looad, 
capital;  ther  are  generally  ptaia,  bat 
with  channels  in  various  ferma,  some  plain 
work,  and  some  s^ral.    Ther  ase  lumHiam  met  with  batfitrie 
more  than  two  dmmeteiv  bin,  aadsometimoaaesixorscvc 
and  (hose  with  sqnare  beaded  eapiCab  ase  geaoatty  the  tillsit 

Sri,  A  mnhani^Dlaf  pier,  mocb  lem 
0^,  genersTly  octagonal,  and  coaamonlj 
or  ten  foirdtn, 

M,  Th#»  common  piar  vritb  shafts; 
pUin  rnfninUf   bat  sometteet  asvcb 
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foliage,  and  occasionally  animals.  The  shafts  are  mostly  set 
in  square  recesses. 

4th,  A  plain  pier,  mth  perfectly  plain  round  arches  in  two 
or  three  divisiona. 

In  some  cases,  the  shafts  are  divided  by  bands,  but  the 
instances  are  very  few. 

Norman  BuUresses. 
These  require  little  description;  they  are  plain,  broad  feces, 
with  but  small  projection,  often  only  a  few  inches,  and  often 
running  up  only  to  the  cornice  tablet,  and  there  finishing  under 
ils  projection.  Sometimes  (hey  are  finished  with  a  p}ain  slope, 
and  in  a  few  instances  are  composed  of  several  shafts.  Bands 
or  taUeCs  running  along  the  walls,  often  run  round  the  buttresses. 

Norman  Tablets. 
In  treating  of  tablets,   that  which  is  usually  called  the 
cornice  is  of  the  first  consideration ;  this  is  frequently  only  a 

Elain  face  of  para[)et,  of  the  same  projection  as  the  buttressei^; 
ttt  under  it  tnere  is  often  placed  a  row  of  blocks,  sometimes 
plain,  sometimes  carved  m  grotesque  heads,  and  in  some 
instances  the  grotesque  heads  support  small  arches,  in  which 
case  it  is  called  a  corbel  table.  A  plain  string  b  also  sometimes 
used  as  a  cornice. 

The  next  most  important  tablet  is  the  dripstone,  or  outer 
moulding  of  windows  and  doors;  this  is  sometimes  undistin* 
gnished,  but  oftener  a  plain  round  or  square  string,  frequently 
continued  horizontally  from  one  window  to  another  round  the 
buttresses. 

The  other  tablets  under  windows,  &c.  are  generally  plain 
slopes  above  or  below  a  flat  string.  In  the  interior,  and  in 
some  instances  in  the  exterior,  these  are  much  carved  in  the 
various  ornaments  described  hereafter. 

Norman  Nichesy  4*c« 
These,  if  so  they  may  be  called,  are  a  series  of  small  arches 
with  round  and  often  with  intersecting  arches,  sometimes  with- 
out, but.  oftenei^  with  shafts.  Some  of  these  arches  have  their 
mouldings  much  ornamented,  but  very  few,  if  any,  appear  to 
luve  been  intended  for  statues. 

Norman  Ornaments. 

The  ornaments  of  this  style  consist  principally  of  the. 
Aflbent  kinds  of  carved  mouldings  surrounding  doors  and 
windows,  and  used  as  tablets.      The  first  and  most  frequent 

6.  Vol.  I.  T 
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of  thf*8e  is  the  zigzag  or  chevron  moulding,  which  is  gene- 
rally used  in  great  profusion.  The  next  most  common  on  door 
mouldings,  is  the  beak  head  moulding,  consisting  of  a  hollow 
and  a  large  round ;  in  the  hollow  are  placed  heads  of  beasts 
or  birds,  whose  tongues  or  beaks  encircle  the  round.  After 
these  come  many  varieties,  almost  every  specimen  having  some 
di&rence  of  composition ;  a  good  collection  of  these  may  be 
seen  in  the  Archaeoloffia,  and  King's  Munimenta  Antiaua. 

The  capitals  of  piers  and  shafts  are  often  very  rudely  carved 
in  various  erotesque  devices  of  animals  and  leaves,  but  in  all 
the  design  is  rude  and  the  plants  are  unnatural. 

S/fepfcf. 

The  Norman  steeple  was  mostly  a  massive  tower,  seldom 
rising  more  than  a  square  in  height  above  the  roof,  and  oflen  not 
so  much.  They  are  sometimes  plain,  but  oflen  ornamented  by 
plain  or  intersecting  arches,  and  have  generally  the  flat  buttress, 
out  that  of  St.  Alban*s  runs  into  a  round  turret  at  each  comer 
of  the  upper  stage,  and  at  St.  Peter's,  Northampton,  there  is  a 
singular  outtress  of  three  parts  of  circles,  but  there  is  some 
doubt  if  it  is  not  an  addition.  It  does  not  seem  likely  we  have 
any  Norman  spires,  but  there  are  some  turrets  crowned  with 
large  pinnacles,  which  may  be  Norman — such  is  one  at  Gleve 
in  Gloucestershire,  and  one  of  the  towers  at  the  side  of  the  west 
front  of  Rochester  cathedral. 

Having  gone  through  the  parta,  it  remains  to  speak  of  the 
general  appearance  of  the  Norman  buildings,  of  which  we 
have  very  few,  if  any,  remaining  unaltered.  Almost  all  the 
west  fronts,  and  many  transept  ends,  have  had  new  windows, 
but  some  small  churches  remain  nearly  entire.  These  present 
appearances  of  great  solidity,  but  not  much  beauty;  the 
exterior  doors  being  generally  the  best  portion.  But  though 
heavy  and  dark,  from  the  smallness  of  the  windows,  some  of 
the  large  Norman  edifices,  when  complete,  were  very  magnifi* 
cent.  Ampiv  to  show  this,  enongn  remains  at  Durham, 
Southwell,  Uloucester,  Rochester,  &c.  In  imitating  or  restor* 
ing  buildings  of  this  style,  the  work  should  not  be  polished  too 
highly,  as  all  the  Norman  work  remainiiu^,  is,  however  difficult 
of  ezecation,  atiU  mde  and  not  finely  pobhed. 
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Of  the  Second  or  Early  English  Style. 

Early  English  Doors* 

As  the  Norman  doors  may  t)e  said  to  be  all  of  semicircular 
arches,  these  may  be  said  to  be  all  pointed,  at  least  all  the: 
exterior  ornamented  ones ;  for  there  are  small  interior  doors  of 
this  style  with  flat  tops,  and  the  sides  of  the  top  as  it  weie 
sopported  by  a  quarter  circle  from  each  side.  The  large  doors 
oi  tnis  style  are  mostly  double,  the  two  bein^  divided  by  either 
one  shaft  or  several  clustered,  and  a  quatrefoil  or  other  ornament 
over  them.  These  doors  are  often  as  finely  recessed  as  the 
Norman,  but  the  bands  and  shafts  are  more  numerons,  being 
smaller;  and  in  the  hollow  mouldinsrs  they  are  frequently 
enriched  with  the  peculiar  ornament  of  this  style,  a  sinjorular 
toothed  projection,  which,  when  well  executed,  has  a  fine  efiect. 
But  although  this  ornament  is  often  used,  (and  sometimes  a  still 
higher  enriched  mouldinfir  or  band  of  open  work  flowers,)  there 
are  many  doors  of  (his  style  perfectly  plain.  Of  thia  kind  the 
door  of  Cbristchurch,  Hants,  is  a  fine  specimen. 

The  dripstone  is  generally  clearly  marked,  and  often  small^ 
and  supported  by  a  head.  In  ra^ny  doors,  a  trefoil  and  even 
cinqoeloil  feathering  is  used,  the  points  of  which  generally  finish 
with  balls,  roses,  or  some  projecting  ornament.  The  principal, 
moukliog  of  these  doors  has  generally  an  equilateral  arch,  but 
fiom  the  depth  and  number  of  the  mouldiniirS}  the  exterior 
becomes  often  nearly  a  semi-cirde.  In  interiors,  and  perhaps 
sometimes  too  in  the  exterior,  there  are  instances  of  doors  with^ 
a  tnfoil*headed  arch.  The  shafts  attached  to  these  doors  are 
generally  round,  but  sometimes  filleted,  and  they  generally^ 
but  not  always,  stand  quite  free  in  a  hollow  moulding.  They^ 
have  a  variety  of  capit-ds,  many  plain,  but  many  with  delicate 
leaves  running  |ip  anu  curling  round  under  thecap  moulding,  often 
looking  like  Ionic  volutes.  The  bases  are  various,  but  a  plain* 
round  and  fillet  is  often  used,  and  the  reversed  ogee  sometimes 
introduced.  All  these  mouldings  are  cut  with  great  boldness, 
the  hollows  form  fine,  deep  shadows,  and  the  rich  bands  of 
open-work  leaves  are  as  beautiful  as  at  any  subsequent  period, 
being  sometimes  entirely  hollow,  and  having  no  support  but 
the  attachment  at  the  sides,  and  the  connexion  of  the  leaves 
tbemielveB.  These  doors,  though  not  so  numerous  as  the 
Norman,  yet  many  still  remain  in  perfect  preservation ;  York, 
Lincoln,  Chichester,  and  Salisburv,  have  extremely  fine  ones, 
and  Beverley  minster  one,  of  which  the  mouldings  are  bolder 
thah  most  of  them.    The  door  of  the  transept  at  York,  am) 
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those  of  the  choir  screen  at  Lincoln,  have  bands  of  the  richest 
execution — and  there  is  a  fine  double  door  at  St.  Cross. 

There  are  many  wooden  doors,  both  of  this  style  and  Nor- 
man, which  seem  to  be  of  the  same  age  as  the  stone  work,  and 
some  Tery  curiously  ornamented  with  ramifications  of  iron  work 
from  the  hinges,  &c. 

Earlff  English  Windows. 

These  are,  almost  universally,  lonff,  narrow  and  lancet- 
headed,  generally  without  feathering,  but  in  some  instances 
tiefoiled. 

From  this  single  shape  of  windows,  a  variety  of  appearance 
results  from  their  combination.  At  Salisbury,  one  of  the  earliest 
complete  buildings  remaining,  there  are  combinations  of  two, 
three,  five  and  seven.  Where  there  are  two,  there  is  often  a 
trefoil,  quatrefoil,  &c.  between  the  heads;  and  in  large 
buildings,  where  there  are  three  or  more,  they  are  often  divided 
by  so  small  a  division  as  to  seem  the  lights  of  a  large  window, 
biiat  they  are  really  separate  windows,  having  their  heads  fi»rro- 
ed  from  individual  centres,  and  in  general  separate  dripstones. 
This  is  the  case  even  at  W^tminster,  where  they  approach  nearer 
\o  a  division  by  mnllions,  from  having  a  small  triangle  pierced 
beside  the  quatrefoil,  and  a  general  dripstone  over  alL  In  small 
buildings,  these  are  generally  phiin,  with  the  slope  of  the 
opening  considerable,  and  in  some  small  chapels  the  windows 
ave  very  narrow  and  long.  In  larger  buildings  they  are  often 
oraamcnted  with  very  long  and  slender  shafts,  whidi  are  fte* 
qnently  banded.  Most  of  our  cathedrals  contain  traces  of 
windows  of  this  character,  but  some,  as  at  Durham,  have 
trooery  added  since  their  original  erection.  Salisbury,  Chi- 
Chester,  Lincoln,  Beverley,  imd  York,  still  remain  pure  and 
beautiful;  at  York  north  transept  are  windows  nearly  fifty 
fiwt  high,  and  about  six  or  eight  wide,  which  have  a  very  fine 
eflect  Although  the  architedts  of  this  style  worked  their  ordi- 
nary windows  thus  plain,  they  bestowed  much  care  on  their 
circles.  Beverley  minster,  York,  Durham,  and  Lincoln,  have 
all  circles  of  this  style  peculiarly  fine,  and  there  may  be  many 
others ;  that  of  the  soutn  transept  at  York,  usually  called  the 
roarygold  window,  is  extremely  rich,  but  the  tracery  of  the 
circles  at  Westminster  is  of  a  much  later  date. 

There  is  in  all  the  long  windows  of  this  stylo,  onealnoct 
universal  distinction ;  from  tlie  straight  side  of  the  window  open- 
ing, if  a  shaft  is  added,  it  is  mostly  insular,  and  has  seldom  any 
connection  with  this  side,  so  as  to  break  it  into  faces,  though  the 
shafts  are  inserted  into  the  sides  of  the  doors,  so  as  to  give  great 
variety  to  the  opening. 
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At  Westminster  abbey,  there  are  a  series  of  windpws  above 
those  of  the  aisles^  which  are  formed  in  spherical  equilateral 
triangles. 

Early  EngUsh  Arches. 

The  window  arch  of  tnis  style  being  generally  a  lancet  arch^ 
and  some  persons  haying  considered  IJbe  shape  of  the  arch  to 
be  a  very  distinguiiMng  feature  of  the  different  styles,  it  may 
be  neoessaiy  in  this  place  to  say  a  few  words  on  arches  generally. 
If  we  examine  witn  care  the  various  remains  of  the  different 
styles,  we  shall  see  no  such  constancy  of  arch  as  has  been  ap« 
pirehended ;  for  there  are  composition  lancet  arches,  used  both 
at  Henfy  the  VII/s  chapel  Westminster,  and  at  Bath ;  and  there 
are  flat  segmental  arches  in  the  early  English  part  of  York; 
and  upon  the  whole  it  will  appear,  that  the  arcoitect  was  not 
confined  to  any  particular  description  of  arch.  The  only  arch 
precisely  attached  to  one  period,  is  the  four-centered  arch, 
which  does  not  appear  in  windows,  &c.  if  it  does  in  the  composi* 
tion  of  groins,  before  the  perpendicular  style.  In  large  build- 
ings, the  nave  arches  of  the  early  English  style  were  often 
lancet,  but  in  some  large  and  many  small  ones,  they  are 
flatter,  some  of  one-third  drop,  and  perhaps  even  more,  and 
sometimes  pointed  segmental. 

At  Canterbury,  in  the  choir,  are  some  curious  pointed 
horseshoe  arches,  and  perhaps,  though  not  common,  they 
may  be  found  in  other  places. 

The  architraves  of  the  lart^  arches  of  rich  buildings  are 
now  beautifully  moulded  like  the  doors,  with  rich,  deep,  hol« 
low  mouldings,  often  enriched  with  the  toothed  ornament.  Of 
this  description,  York  transepts,  and  the  nave  and  transepts  of 
Lincoln,  are  beautiful  specimens;  Salisbury  is  worked  plainer, 
but  not  less  really  beautiful,  and  Westminster  abbey  is  (the 
nave  at  least)  nearly  plain,  but  with  ^reat  boldness  of  moulding. 

The  arches  of  the  gallery  in  this  style,  are  often  with  tre- 
foiled  beads,  and  the  mouldings  nmnin^  round  the  trefoil,  even 
io  the  dripstone ;  Chester  choir  is  a  fine  specimen,  and  there 
are  some  beautiful  plain  arches  of  this  description  in  Winchester 
cathedral. 

Earlif  EngUsh  Piers. 
Of  the  piers  of  large  buildings  of  this  style,  tiiere  are  two 
distinguishing  marks;  first,  the  almost  constant  division  of  the 
shafts  which  compose  them,  by  one  or  more  bands  in  their 
lengthy  and  secondly  their  being  ranged  circularly  round  the 
centre.     In  general  they  are  few,  sometimes  only  four,  some* 


:*i 


1^   timifi   « 

aiv  v»   .lift  t:n'/aar  arsmof 

/Aiir.aitMf  mmul  Cie  ccic/e  pii^r.  «a  js  *o  ucai.  a 

awf  nrJMT  «»f«ra«  m  irwit  mgi  ■»!,  wb  eft 

4i(«ii^«  at  at  Y^irk  a«d  I,  nKri4a,  aad  kact  a  icrr  fti 

|rs»«#»  fcrtwr  y>  galiy  gjtficmcly  veil 

awr  ftfr|firfttf  jr  a^ar  af^proac^cs  ia  own^i  h>  iht 

hme^  bat  tW  rrr^rvd  oeee  »  ~ 

MPTt  t4  yi^^  m  h*t  i^iitc»  tint  appear  lo  be  af  tkii sajrle,  vladi 

m  ii  Umj^  wtrj  cr^liKwnri  ^  tW  saaic  kiad  ^  pkr  acas  to  be 

m»^  tn  MaaH  cborcli^  n^ea  to  a  vcrj  laie  due;  tks  is  the  pbia 

m^9Uzm$^»h§f  ft^rntnllj  fpruznml)  pier  aka  a  pbia  capital,  af 

a  few  vrvy  %km\Ae  manldwt^y  aad  whh  a  piaia  slopxd  arch. 

Firrt  of  ihtt  ffrtcriptioa  ate  Tciy  facqaeac^  aad  it  laqi 

frr»l  akHf  of  ofjitervatioa  aad  diMrrimijiaiioa  to  fcfer  them 

thnr  p^optr  dadr ;  bat  a  miaate  cxaminatioa  vill  oflka,  by 

•aiali  aNrttrr,  dKrct  thrir  aipe,  thoagh  ii  tt  ii^oaible  todoKiibe 

the  mitiuim  wilboul  oiaaj  figorat. 

Early  EnfBth  BmUresses* 

TtMe  ne  of  Ibar  deicriptioat*  lit.  The  old  Nonau  Ibft 
bfflfr«'%<i  fft  oltea  ated^  but  it  is  not  always  as  bioad,  aad  its 
fablHsi  tic.  are  more  delicate* 

^Mif  A  Ifoltms  not  lo  broad  as  the  flat  one,  bat  nearly  of 
thr  mmf!  projrdion  as  breadth,  and  carried  ap,  sonMtimes  with 
ofily  one  mi,  off,  and  sometunes  withoat  any,  and  these  have 
ali^n  tlirir  rdgrs  chamfered  from  the  window  tablet*  They 
•ofifHinNn  have  a  shaft  at  the  comer,  and  in  laige  rich  boildingt 
Bf^  IK lasioaslly  pannrlled. 

jfcl,  A  lofi|r  slender  buttress,  of  narrow  face,  aad  giaat  pnjec- 
Ikin  in  tew  siagiSi  is  nied  in  some  towcisy  bat  is  nol  Yeix  oommaiu 


ARCHITECTURE.  143 


Early  English  tablet* — niches. 


4()]9  Towards  the  latter  part  of  this  style,  the  buttress  in 
stages  was  used,  but  it  is  not  very  common,  and  is  sufficiently 
distinguished  by  its  triangular  head,  the  usual  finish  of  this  style, 
which  can  hardly  be  called  a  pinnacle,  though  sometimes  it 
slopes  oflf  from  the  front  to  a  point. 

Early  English  Tablets. 

The  cornice  is  now  become  sometimes  rich  in  mouldings, 
and  often  witli  an  upper  slope,  making  %the  face  of  the  parapet 
perpendicular  to  the  wall  below,  there  are  cornices  of  this  style 
still  resembling  the  Norman  projecting  parapet,  but  they  consist 
of  several  mouldings.  The  hollow  moulding  of  the  cornice  is 
generally  plain,  seldom  containing  flowers  or  carvings,  but 
under  the  mouldings  there  is  often  a  series  of  small  arches 
resembling  the  corbel  table. 

The  dripstone  of  this  style  is  various,  sometimes  of  several 
mouldings,  sometimes  only  a  round  with  a  small  hollonr.  It  is, 
in  the  interior,  occasionally  ornamented  with  the  toothed  oma« 
ment,  and  in  a  few  late  instances,  as  the  interior  of  the  choir  at 
Westminster,  with  flowers.  In  a  few  buildings,  the  dripstone  is 
returned,  and  runs  as  a  tablet  along  the  walls.  It  is  in  general 
narrow,  and  generally  supported  by  a  corbel,  either  of  a  head  or 
a  flower,  &c.  There  are  frequently,  in  Ibltr^  buildings,  in  the  or- 
namented parts,  bands  of  trefoils)  quatrefoils,  &c.  some  of  them 
very  rich.  AlUioughasortof  straight  canopy  is  used  over  some  of 
the  niches  of  this  ^yle,  yet  it  does  not  appear  to  have  been  used 
over  windows  or  doors.  In  some  few  buildings  where  they  are 
fonnd,  they  appear  to  be  additions.  The  tablets  forming  the  base 
mouldings  are  sometimes  a  mere  slope,  at  others,  in  large  build- 
ings, are  of  seveml  sets  of  mouldings,  each  face  projecting 
farther  than  the  one  above  it;  but  the  reversed  ogee  is  very 
seldom  nsed,  at  least  at  large  and  singly. 

Earfy  EngUsh  Niches. 
The  most  important  niches  are  those  found  in  chancels,  in 
the  walls  of  the  south  side,  and  of  which  the  uses  do  not  yet 
appear  to  be  decided.  Of  these  there  are  manv  of  all  stages  of 
early  English ;  there  are  sometimes  two,  but  onener  three^  and 
tbej  are  generally  sunk  in  the  wall,  and  adapted  for  a  seat,  the 
easternmost  one  often  higher  in  the  seat  than  the  others.  They 
aie  sometimes  a  plain  trefoil  head,  and  sometimes  ornamented 
with  shafts,  &c.  they  are  generally  straight-sided.  The  statuary 
niches,  and  ornamental  interior  niches,  mostly  consist  of  a  series 
of  arches,  some  of  them  slope>-sided,  and  some  with  a  small  but 
Rol  very  visible  pedestal  fi>r  the  statue.    They  are  often  grouped 
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tivo  under  one  arcb,  with  an  ornamental  opening  between  the 
small  arches,  and  the  large  one  like  the  double  doors;  a  strait- 
sided  canopy  is  sometimes  used,  and  a  plain  finial.  These 
niches,  except  the  chancel  stalls,  and  the  stoup  and  piscina, 
are  seldom  single,  except  in  buttresses,  but  mostly  in  ranges. 

Early  English  Ornaments. 

The  first  ornament  to  be  described,  is  that  already  noticed 
as  the  peculiar  distinction  of  this  style,  to  which  it  seems  nearly, 
if  not  exclusively  confined ;  it  is  the  r^ilar  progression  from 
the  Norman  Wn^  to  the  delicate  four-leaved  flowers  so  common 
in  decorated  English  buildings.  Like  the  zi|;zag  it  is  generally 
straiffht-sided,  and  not  round  like  the  leaves  of  a  flower,  though, 
at  a  distance  in  front,  it  looks  much  like  a  small  flower.  It  is 
very  difficult  to  describe  it,  and  still  more  so  to  draw  it  accu- 
latdy ;  it  may  perhaps  be  understood  by  considering  it  a  succes- 
sion of  snuiU  open  pyramids  of  four  legs,  which  are  formed  of 
half  a  cube,  and  set  on  the  edges  of  a  hollow  moulding.  This 
ornament  is  used  very  profusely  in  the  buildings  of  this  style,  in 
Yorkshire  and  Lincolnshire,  and  frequently  in  those  of  other 
counties. 

Another  ornament,  which,  though  not  jieculiar,  in  small 
works,  to  this  style,  was  seldom  but  during  its  continnanoe 
practised  to  so  large  an  extent;  this  is  the  filling  of  the  spaces 
above  the  choir  arches  with  squares,  enclosing  four-kaved 
flowers.  This  is  done  at  Westminster  and  at  uhichester,  in 
both  of  which  the  workmanship  is  extiemdy  good,  and  it  has 
a  very  rich  effisct. 

In  many  parts,  as  in  the  spandrells  of  door  arches,  and  other 

Slain  spaces,  circles  filled  with  trefoils  and  quatrefoils,  with 
owerea  points,  are  often  introduced.  In  the  early  part  of  the 
stvle,  crockets  were  not  used,  and  the  finial  was  a  plain  bunch 
of  three  or  more  leaves,  or  sometimes  onl  v  a  sort  of  knob ;  but 
in  small  rich  works,  towards  the  end  of  the  style,  the  beautiful 
finials  and  crockets  of  the  next  style  were  used. 

Early  English  Steeples. 

The  Norman  towers  were  short  and  thick,  the  early  English 
rose  to  a  much  greater  height,  and  on  the  tower  they  placed 
that  beautiful  addition  the  spire. 

Some  of  our  finest  spires  are  of  thb  age,  and  the  proportions 
observed  between  the  tower  and  spire,  are  generally  very  good. 
Salisbury,  which  stands  unrivalled  in  hei^t  and  beauty,  and 
Chichester  are  of  this  age,  as  are  the  towers  of  Liocoln  minster. 
WakeOdd  kas  a  fine  steeple,  asto  proportion,  thoof  b  pbin,  and 
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it  h  lAikgtlBT  for  its  n^acbldolafioiiff,  in  the  top  of  the  fotrer. 
The  towers  are  flanked  by  octd|^nal  turrd?,  square  flat  but* 
tresstis,  or/  in  a  few  instances,  wUh  small  long  buttresses,  and 
generally  there  is  one  targe  octagonal  ptnnaele  at  (he  corners,  or 
a  colleiction  of  sn/iatler  niches,  &c. ;  there  often  is  no  para^f^ 
but  the  slope  of  the  spire  mns  down  to  the  edge  of  the  waft  of 
the  tower,  and  finishes  there  with  a' tablet ;  and  there  is  a  double 
slope  to  connect  the  coHiera  with  the  intemiediate  faees.  The 
spire  is  often  ornamented  by  ribs  At  the  an^ieii,  sometimes  wifh 
croekets  on  the  Hbs,  and  bands  of  squares,  filled  with  quatrefoils, 
&c.  sikrrdnndinff  the  spire  at  different  heights.  Theve  ai^  many 
good  sj^res  of  tnis  style  in  country  churches. 
'  Of  this  style  we  bar^  the  great  advantage  Of  one  building 
remaining,  worked  in  its  best  manlier,  of*  great  si2e  and  in 
excdlent  preservation ;  this  is  Salisbury^  and  it  gtve^  a  very 
high  idea  of  thie  great  improvement  of  this  Style  oil  the  Norman. 
Mamificent  Without  rudeness,  and  rich  though  simple,  it  is  one 
uniform  whole.  The  west  froAt  is  ornameitted,  biit  by  no 
means  loaded,  and  the  appearance  of  the  north  side  is  perhaps 

3nal  to  the  side  of  any  c^hedral  in  Eitgland.  The  west  front 
Lincoln  is  fine,  bat  the  old  Norttoan  space  is  too  visible  not 
to  break  it  ihto  parts.  ]\rterl^rough  and  £ly  hate  perhaps  the 
most  ornamented  'fronts  o^  this  6ty  le.  Westminster  is  spoiled  by. 
additions,  but  its  Wrth  transept  end  is  fine,  as  are  ooth  the 
transepts  of  York.  Interiorly,  after  the  simple  Salbbnry,  the 
trans^jits  of  York  are  perhaps  the  best  Specimens,'  though  ihcrr 
are  mrts  of  Uany  dther  buildings  deserving  much  attentiosb 

Not  much  has  been  done  in  either  restoring  or  imitating  diis 
style;  it  is  certainly  not  easy  to  do  either  weH,  bnl  it  deservea' 
attention,  as'  in  many  places  it  Would  be  peculiariy  appropriate, 
and  perhaps  is  better  fitted  than  any  for  small  country  churches. 
It  may  be  worked  almost  entirely  plain^  yet  if  ornament  is  used, 
it  should  be  well  executed;  for  the  ornaments  of  this  style  are' 
in  general  acs  well  executed  as  «ny  of  later  date,  and  the  toothed 
ornament  and  hollow  bands  equal,'  in  difficulty  of  extcuUou^ 
the  most  eluborate  perpcadicdar  ornaments. 

0»  THE  Thibd,  or  Decoeated  Emglisu  Style. 

Decorated  EngMsh  Doors. 

'the  large  doors'  of  the  last  style  are  mostly  AmMe,  and 
there  are  some  fine  ones  of  this,  but  they  are  not  so  common, 
there  being  mpre  smglc  doors,  which  at^  often  nearly  as  large 
m  the  early  English  double  ones,  and  indeed  but  for  the  omu-^ 
ments'  they  are  much  al&e,  having  shafts   and  fine  hollow 
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moQldiDgs;  in  small  doon  theie  ttre  often  no  shafts  at  aU,  bat 
the  arch  monldines  run  down  tbe-skley  and  often  almost  to  the 
grdund  witbont  a  oaae.    The  shafts  do  not  in  this  stjle  generally 
stand  free,  butane  parts  of  the  sweep  of  mouldings,  and  instead 
of  being-  cut  and  set  up  lengthways,  all  the  mouldii^  and 
shafts  are  cnt  on  the  arch  stone,  thus  oombinii^  ^reat  stsength 
with  all  the  appearance  of  lightness.      The  capitals  of  these 
shafts  diftr  from  the  early  En^ish^  in  being  formed  of  a  woven 
foliage,  and  not  upright  kaves;  this,  in  small  shafts,  generally 
has  an  apparent  neck,  but  in  larger  ones  often  appean  like  a 
round,  ball  of  cqien  fpyage.    The  bases  to  these  shafta  mostly 
consist  of  the  reversed  ogee,  but  other  mouldings  are  often 
added,  stad  the  ogee  often  made  in  faces.    Although  the  doors 
in  general  are  not  so  deeply  recessed,  as  the  Norman  and  early 
English,  yet  in  nuiny  large  buildings  they  are  very  deep.    Tha 
west  doors  d  York,  and  the  later  west  doors  of  Beverley,  are  of 
the  riohot  execution,  and  very  deep.    To  the  open  wmrk  banda 
of  the  last  style,  succeeds  an  ornament  equall v  beautiful,  and 
not  so  fiagile;  this  is  the  flowery  hoitow  moulding;  there  are 
often  three  or  four  in  one  door- way,  and  to  the  toothed  oma- 
mant  sncoeeds.a  flower  of  four  leaves,  in  a  deep  moulding,  with 
oonsideraUe  intervals  between.    This  flower,  in  some  build- 
ings, is  used  in  rreat  profusion  to  good  eflect,  and  a  perforated 
bw  in  other  buiklinga  in  equal  abundance*    Over  these  doors, 
there  are  several  aorta  d  canopies;  the  dripstone  is  geneially 
supported  by  a  corbel,  which  is  commonly  a  head;    in  some 
instances  a  plain  xetnm  ia  used,  but  that  return  sddom  runs 
horiwntally.      The  canopy  is  sometimes  connected  with  the 
dripstone,  and  sometimes  distinct.    The  common  canopv  is  A 
triangle,  the  space  between  it  and  the  dripstone  is  filled  with 
tracery,   and  the  exterior  imiamented  with   crockets,    and 
crowned  with  a  finial.    On  the  side  of  the  doors,,  small  but- 
tresses OK  niches  aae  sometimes  placed.    The  second  canopy  is 
the  ogee,  which  runs  about  halt  up  the  dripstone,  and  then  is 
turned  the  conlranr  way,  aod  is  finished  in  a  straight  line 
running  up  into  a  finial.    Thia  has  its  intermediato  spaee  filled 
with  tracery,  ftc.  and  is  sometimes  crocheted,  and  sometimes 
not.    Another  sort  of  canopy  b  an  arch  running  over  the  door, 
and  unconnected  with  it,  which  is  doubly  ft&ted;  it  has  a 
good  eflect,  but  is  not  common* 

'  In  tmaH  churches,  thero  are  often  nearly  plain  doors, 
having  only  a  dripstone  and  a  round  moulding  on  the  interior 
edg^  and  the  rest  of  the  wall  a  straight  line  or  bold  hoUow, 
ana  in  some  instanom  a  straight  slope  side  only.  In  some  doon 
of  thJa jitpl^  %  $mm  of  nicMS  with  statusa  are  carried  up  like 
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n  hollow  UMftildiBgt;  A8d  in  othtfs,  doubly  fiiliated  tmcery 
hanging  ftee  from  >one  of  ihe  outer  mooldings,  give  a  richness 
miberior  to  any  other  deovralion.  The  south  door  of  tbe  choAr 
Mliincoln  is  perhap  hatdl^  any  where  equalled  of  the  first 
idnd,  and  the  west  awn^  4it  Beverly,  are  good  Ulustrations  df 
4he  other. 

Becoraied  EngSsh  Windtms, 

In  i^esery  ihe  clearest  markfi  of  the  style. are  to  be  found,  and 
they  are  very  varions,  yet  aH  on  one  principle.  An  arch  is 
iKvided  by  oiie  or  jnore  mnliions,  into  two  or  more  lights,  and 
tiiese  mnlKons  branch  into  tracery  of  various  figures^  but  do  not 
Imn-  in  perpendicular  lines  through  the  head.  In  small 
(churches,  windows  of  two  and  three  lights  are  common,  but 
Jn  laifner*fimr-and  five  l^ts  for  the  abm  and  clerestory  win- 
dows,  five  or  six  for  transepts  fuid.the  end  of  aides,  and  in  thfe 
Mst  and  west  windows  seven,  eight,  and  even  nine  lights,  are 
used.  Nine  lights  seem  to  be  the  extent,  but  there  may  be 
windows  of  this  style  contdniM  more.  The  west  window  of 
York,  and  the  east  window  of  Lincoln  cathedrals,  are  of  eight 
lights  each;  the  west  window  of  Exeter  cathedral  is  of  nine,  and 
thesd  are  nearly,  if  not  quite,  the  largest  windows  rehuiining. 

There  mar  be  observed  two  descriptions  of  tracery,  and 
although,  in  aifferent  parts,  they  may  have  been  worked  at  the 
«anie  time,  yet  the  first  is  generally  the  oldest.  In  this  first 
division,  the  figures,  such  as  circles,  trefbfls,  qhathefoils,  ftc. 
are  aH  worked  with  the  sanie  moulding,  and  sometinies  do  not 
regularly  join  each  other,  but  touch  only  at  jioibtd.  This  may 
be  called  geometrical  tracery;  of  thisdescnption  Mb  the  windows 
tif  the  nave  of  York,  the  eastern  choir  of  jLincoln,  and  some  of 
the  tracery  in  the  cloisters  at  Westmimter  abbey,  as  well  as 
most  of  the  windows  at  Exeter,  which  contains,  perhaps,  tbe 
richest  variety  of  windows  of  any  cathedral  in  England,  and 
some  of  them  are  of  such  admirable  workmanship  as  to  almost 
belong  to  the  second  division. 

The  seomd  division  consists  of  what  mty  be  truly  called 
Jhwmg  fracenr.  Of  this  description,  York  minster,  the 
'minster  and  St.  MaiVs,  at  Beverley,  Newaris  charch,  and 
many  northern  churches,  as  well  as  some  southern  churches, 
(rontain  most  beautiful  specimens.  The  one  engraved  is  from 
the  west  end  of  the  south  aisle  of  Newark,  and  is  perhaps  one 
of  the  most  beautiful  in  its  composition.  The  great  west 
window  at  York .  is,  perhaps,  the  most  elaborate.  In  these 
windows,  various  wheds  are  sometimes  introduced.  In  the 
richer  windows  of  tlds  ityle^  and  in  both  divisions,  the  princi« 
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pal  moulding  of  the  mullion  hsm  aometiroes  a  capital  and  baw, 
and  thus  becomes  a  shaft.  One  great  cause  of  the  beaotj 
of  fine  flowing  tracery,  is  the  intricacy  and  delicacy  of  the 
mouldings;  tne  principal  moulding  often  running  up  only  pne 
or  two  mullions,  and  forming  only  a  part  of  the  larger  design, 
and  all  the  small  figures  being  formed  in  mouldings,  which 
spring  from  the  sides  of  the  principal.  This  is  a  distinction  the 
plate  was  too  small  to  aclmit,  which  takes  much  fnnn  the 
beauty  of  the  window.  The  architraves  of  .windows  of  this 
style  are  now  much  ornamented  with  mouldings,  which  are 
sometimes  made  into  shafls.  The  dripstones  and  canopies  of 
windows  are  the  same  as  in  the  doors,  and  have  been  described 
under  that  head.  Wherever  windows  of  this  style  remain,,  ap 
artist  should  copy  them;  the  varieties  are  much  greater  than 
might  be  supposed,  for  it  is  very  diQcult  to  Si>d  twp  aUke  in 
difierent  buudtngs. 

It  does  not  appear  that  the  straight  horizontal  transom  waf 
jnuch  if  at  all  used  in  windows  of  this  style,  whereirer  it  is 
found  there  is  genemlly  some  mark  of  the  window  originating 
after  the  intrcduction  of  the  perpendicular  style ;  but  it  may 
have  been  used  in  some  places^  and  there  axe  a  very  few 
instances  of  a  light  being  divided  in  height  by  a  kind  of 
canopy,  or  a  quatrefoil  breaking  the  niuUion;  the  church  of 
Dorcnester,  in  Oxfordshire,  has  some  very  curious  windows  of 
this  kind.  In  some  counties,  where  flint  and  chalk  are  used^  the 
dripstone  is  sometimes  omitted.  The  heads  of  the  windows  of 
this  style  are  most  commonly  the  equilateral  arch ;  though 
there  are  many  examples  both  of  lancet  and  drop  arches ;  but  toe 
lancet  arches  are  not  very  sharp,  perhaps  never  exceeding 
one-third  of  the  equilateral.  There  are  a  tew  windows  of  this 
style  with  square  heads ;  but  they  are  not  very  common. 

The  circles  of  this  style  are  some  of  them  very  fine;  there 
are  some  very  good  ones  in  composition  at  Exeter  and  Chiches- 
ter, and  the  east  window  of  old  St.  PauPs  was  a  very  fine  one ; 
but  perhaps  the  richest  remaining  is  that  of  the  south  transept  at 
Lincoln,  which  is  completely  flowing. 

Towards  the  end  of  this  style,  and  perhaps  after  the  com- 
mencement of  the  next,  we  find  windows  of  most  beautiful 
composition,  with  parts  like  the  perpendicular  windows,  and 
sometimes  a  buildini^  has  one  end  decorated,  the  other  perpen- 
dicular; such  is  Melrose  abbey,  whose  windows  have  been 
extremely  fine,  and  indeed,  the  ^reat  east  window  of  York, 
which  is  the  finest  perpendicular  wmdow  in  England,  has  still 
some  traces  of  flowing  lines  in  its  head. 
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Decanded  English  Arche9f 

Though  the  arch  most  commonly  used  for^i^enil  pvrpoBep 
in  this  stvie  is  the  equilateral  one,  yet  this  is  by  no  melons  coa- 
staiit.  M  York  this  arch  is  used,  but  at  Ely  adrop^^rch.  The 
architrave  mouldings  of  interior  arches,  do  not  diffisr  much 
from  those  of  the  1^  style,  except  that  they  are,  perhaps,  more 
fluently  continued  down  the  pier  without  being  slopt  at  the 
Jine  of  capitals.  The  dripstones  are  of  delicate  mouldings, 
generally  supported  by  heads*  The  arches  of  the  galleries  are 
often  beautitull^  ornamented  with  foliatsd  heads,  am  often  foe 
canopies;  and  in  these  arches  the  opee  arch  is  sometimes  used, 
as  it  IS  freely  in  composition  in  the  heads  of  .windows. 

Of  this  style,  or  perhaps  of  the  nert,  is  that  singular  yet 
heautiful  r^^9e4  9^JPv  i^  0ie  naye  of  Wells'  cathedral. 

Decorated  EngSsh  Piers. 
A  new  disposition  of  shafts  marks*  very  decidedly  this  style 
in  large  buildings,  tbejr  being  arranged  diunondwise,  with 
stiaigM  sides,  often  containing  as  many  shafts  as  will  stand  ctose 
to  each  other  at  the  capital,  and  only  a  fillet  or  small  hcUow 
between  them.  The  shaft  which  runs  up  to  support  the  roof, 
often  springs  from  a  rich  corbel  between  the  outer  architrare 
mouldings  of  the  arches;  £xeter  is  a  fine  example.  The 
capitals  and  bases  of  these  shafts  are  much  the  same  as  those 
described  in  the  section  on  doors.  Another  pier  of  the  richest 
efiect,  but  eeldom  executed,  is  that  at  York  minster,  where  the 
centse  shaft  is  larger  than  those  on  each  side,  and  the  three  all 
run  through  the  spring  of  the  roof.  Three  also  support  the  side 
of  the  iMTcn;  these  shafts  are  laixer  in  prcqportion  tnan  those  i^ 
Exeter,  8cc.  and  stand  close  wi&out  any  moulding  between. 

Another  pier,  common  towards,  the  end  of  this  style,  and 
the  beffinning  of  the  next,  is  composed  of  four  shafts,  about 
two»fifl£s  engage^,  and  a  fillet  and  bold  hollow  half  as  large  as 
the  sluifts  b^ween  each;  this  makes  a  very  light  and  beautiful 
pier,  and  is  much  used  in  smaller  churches.  All  ihese  kinds  of 
piers  have  theur  shafts  sometimes  filleted,  aa  are  also  oftm  some 
of  the.  architrave  mouldings.  In  small  country  churches^  the 
multangular  flat-faced  pier  seems  to  haye  been  used. 
.  .         ,  .        - 

Decorated  English  Suitresses* 
These,  though  very  various,  are  all  more  or  less  worked  in 
stages,  and  the  set-ofls  variously  ornamented,  some  plain,  some 
moulded  slopes,  some  with  triangular  heads,  and  some  witii 
.pannels;  some  with  niches  in  them,  and, with  all  the  various 
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degrees  of  ornament.  The  corner  buttresses  of  this  style  are 
often  set  diagonally.  In  some  few  instances  small  turrets  are 
used  as  bntttvssta.  The  bnttresses  are  yartoasl^  finished,  some 
abpe  under  the  cornice^  some  just  through  it;  some  run  up 
through  the  battlement,  and  are  finished  with  pinnacles  of 
irarioiis  kinds. 

Deeoreitd  EngUsh  TdbMs. 

The  cornice  is  very  regular,  and  though  in  some  lafrge 
boildingB  it  has  several  monlcfrngs,  it  principally  consists  of  a 
alope  above,  and  a  deep  sunk  hollow,  with  an  astragal  under  it ; 
in  these  hollows,  flowers  at  reguUr  distances  are  often  placixi, 
and  in  soine  large  buildings,  and  in  towers, '  Sec.  there  are 
fteqiebfly  heads,  and  the  cornice  almost  filled  with  them.  The 
dripstone  is  of  the  same  description  of  mouldings,  but  smaller, 
ana  this  too  is  sometimes  enriched  with  flowers.  The  small 
tablet  running  under  the  window  has  nearly  th^  same  mouldings, 
but  mostly  without  the  astragal,  and  this  sometimes  runs  round 
the  buttress  also.  The  dripstone  vety  sddom,  if  ever,  run* 
korinmtally,  though  in  a  few  instances  a  return  is  used  instead 
of  the  more  common  corbel  head  or  shield. 

The  basement  tablets  are  sometimes  numerous,  and  often 
have  the  rerersed  ogee  repeated. 

Decaraied  EngUsh  Niches. 

TheM  form  one  of  the  greatest  beauties  of  the  style,  and  are 
ver^  various,  but  may  be  divided  into  two  grand  divisions, 
which|  if  necessary,  niight  be  again  variously  divided,  such  is 
their  diversity,  but  these  two  may  be  sufficient.  The  fint  lire 
nanndhd  niches,  the  fronts  of  whose  canopies  are  even  wHh  the 
nee  of  the  waU  or  buttress  (hra  are  set  in.  These  hafe  their 
interiors  either  aouare  with  a  sfoping  side,  or  are  regular  semi- 
hexagons,  ftc.  In  the  first  case,  if  not  vety  deep,  the  roof  is 
a  phiin  arch,  bnt  in  the  latter  case  the  loof  is  often  mi>st 
delicately  groined,  and  sometimes  a  Kttle  shaft  is  set  in  the 
angles  or  the  ribs  of  the  roof,  supported  by  small  coiMs. 
TKpedestals  are  often  high  and  much  ornamented. 

llie  other  division  of  niches  have  projecting  canopies ;  these 
are  of  -  various  shapes,  some  conical  like  a  spire,  some  like 
several  triangular  canopies  joined  at  the  edges,  and  some  with 
ogQe  heads ;  and  in  some  very  rich  buildings  are  niches  with  the 
canopy  bending  forwards  in  a  slight  ogee,  as  well  as  its  contour 
being  ogee;  trae  are  generalljr  crowned  with  veiy  large  rich 
finiafs,  and  very  hignly  enriched.  There  were  also,  at  the 
latter  part  of  this  styte,  some  bistanoes  of  the  nidio  with  m  flst 
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beaded  canopjr,  which  became  so  cammoa  in  the  next  8tjb». 
These  projecting  niches  have  all  some  projecting  base,  either  m 
larg^  corbel,  or  a  basement  pedestal  carried  up  from  the  smt 

Erojecting  &ce  below.    All  these  niches  are  occasionally  flanked? 
J  small  buttri^sses,   and  their  pimiaQles;    those  of  the  fimi 
kind  have  very  often  beautiful  shaus. 

The  chancel  stalls,  of  this  style,,  are.  many  of  them  uncon^ 
raonly  rich,  their  whole  faces  being  ojiefi  <^vered  with 
ornamental  carving. 

Decorated- English  Omamenis. 

As  the  word  decomted  is  used  to  designate  this  styles  and 
particularly  as  the  next  is  often  called  florid,  as  if  it  were  richer 
m  ornament  tjian  this,,  it  will  be  necessary  to  stale,  that  though 
ornament  is  often  profusely  use^  in  this  style,  yet  these  oma* 
ments  are  like  Grecian  enrichments,  and  may  be  left  out  without 
destroying  the  grand  design  of  the  building,  while  the  orna- 
ments of  the  next  are  more  often  a  minute  division  of  parts  of 
the  building,  as  pannels,  buttresses,  &c.  rather  than  the  carved 
ornaments  used  in  this  style.  In  some  of  the  move  magniificent 
works,  a  varietv  of  flowered  carvings  are  used  all  over,  and  yet. 
the  building  does  not  appear  overloaded;  while  some  of  the 
later  perpendicular  buildings  have  much  less  flowered  carvings,, 
yet  look  overload^  with  ornaments,  from  the  fatiguing  recur- 
r^ce  of  minute  parts,  wluch  prevent  the  general  design  being 
omnprehended. 

.  The  tomb  of  the  Percys  at  Beverley,  and  one  or  two  at 
York,  are  as  rich  as  can  well  be  conceived  in  ornamental 
carvings,  vet  the  general  design  is  noble,  and  may  be  clearly 
under^ooo,  while  the  design  of.  Henry  the  VIL's  chapel  can 
hardly  be  comprehefided,  fipom  the  constant  repetition*  Ojf  the 
same  ornaments,  which,  if  worked  singlv,  are  not  very  rich. 

The  flower  of  four  leaves  in  a  nollow  moulding,  has 
already  been  spoken  oL  and  in  these  hollow  mouldings  various 
other  flowers areintrqpuced,  as  well  as  heads  and  figures,  some, 
of  them  very  grotesque;  aiid  as  to  cajpitala  there  are  very  seldom 
fpund  two  alib.  Tna  foliace  fonnmg  the  crockets  and  finials 
is  also  extremely  rich,  and  the  pinnacle,  in  its  various  fpn»s,  is 
almost  constantly  used. .  The  spandrells  ot  ornamental  arches 
are  sometimes  filled  with  beautiful  foliage,  perhaps  few  superior 
to  some  in  the  church  at  Ely,  which  was  the  lady  chapel  of  the 
cathedral. 

Decorated  English  Steeples. 
Of  this  style  are  many  of    these  beautiful  ornaments  of 
the  country;  at  the  oonimencementof  it,  several  fine  spires  were 
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added  lo  lowcfB  thea  e%Mimg^  and  in  after  times  many  i^cry  fine 
tonreis  aad  wpinM  wen  eroded.  Giawtham  and  semal  other 
Lineofawhiie  spiiei  are  rery  fine,  and  Ciieie  ate  many  good 
iofivts.  Tine  are  seneially  flanked  wilk  bottnawi,  many  of 
which  are  diacona^  and  are  generally  crowned  wilh  fidb 
pinoaclei.  Pcinaps  the  chnrch  of  St.  Michael,  at  Cofentry^  ii 
m  elegant  a  wpin  and  tower  at  any  of  this  age,  and  is  coiioos, 
fioni  tlie  spire  rtanding  on  a  lantern  aboTC  tiie  tower.  In 
Linoolnihire  and  some  of  the  adjoining  ooonties«  there  are' 
many  Tillage  chnrehei  with  fine  spues,  and  some  of  this  style; 
ef  tnev,  perhaps  few,  if  any,  exceed  in  beauty  of  proportion 
and  delkMy  of  oompotition  that  of  Norton,  a  vilrige  in 
Leioesteishire,  a  few  mila  to  the  left  of  the  road  from  Uppine- 
ham  to  Leicester.  The  singular  crowned  steeple  of  St; 
Nicholas,  at  Newcastle  npon  Tyne,  is  either  of  this  style  or 
early  in  the  nest. 

There  are  nmn^  of  the  towers  of  this  age  whore  windows, 
or  at  least  ibe  muUions,  seem  to  have  been  renewed  in  the  per- 
pendicohtf  style,  and  indeed,  in  small  churches,  it  is  not  always 
easy  preeirely  to  fix  the  stjie  of  the  tower  becaure  of  thme 
alterations* 

Althottffh  they  hare  some  appearances  of  the  windows  which 
belong  to  flie  next  style,  yet  to  this  age  should  be  referred  the 
towers  of  York  minster,  which  possess  uncommon  beauty. 

Though  we  have  not  the  adrantage  of  any  one  large  build- 
ing of  this  style  in  its  pore  state,  like  Salisbunr,  yet  we  hate 
the  advantage  of  four  roost  bcauttful  modds,  which  are  in  the 
highest  prerenration,  besides  many  detached  parts.  There  are  at 
Lincoln,  Exeter,  York  and  Ely,  and  though  diflbrently  worked, ' 
are  all  of  excellent  execution.  Of  there,  Exeter  and  York  are 
fer  the  largest,  and  York,  from  the  uncommon  grandeur  and 
simplicity  of  the  des^,  is  certainly  the  finest ;  ornament  is  no 
where  spared,  yet  there  is  a  simplicity  which  is  peculiarly 
pleasing.  Amongst  the  many  smaller  churches,  Trinity 
church  at  Hull  deserves  peculiar  notice,  as  its  decorated  part  is  ' 
of  a  character  which  could  better  than  any  be  imitated  in 
modem  work,  from  the  great  height  of  its  piers,  and  the  small- 
nrss  ol  their  sise.  The  remains  c^  Mdrore  abbey  are  extremely 
rich,  and  though  in  ruins,  its  parts  are  yet  very  disttngubbabfe. 
In  imitations  of  this  style,  great  delicacy  is  required  to  prevent 
its  running  into  the  next,  which,  fieom  its  straight  perpendicular 
and  horiaontal  lines,  is  so  much  easier  worked;  whatever  oma- ' 
reents  are  used,  should  be  very  deanly  executod|  aiui  highly 
finished. 
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•  Of  TUB  Fourth,  or  Pehpendicular  Style. 

Perpendicular  English  Doors* 
Ad  impreMion  from  an  engraving  of  a  perpendtcniar  door 
baving  been  given  on  the  cover  of  each  nnmber  of  this  work, 
our  readers  must,  by  this  time,  be  well  acquainted  with  it.  A 
copy  is  annexed,  for  the  purpose  of  permanent  reference,  with 
the  other  plates.  It  has  been  drawn  to  convey  as  distinct  an  idea 
as  possible  of  the  character  of  the  geneialitv  of  these  doors, 
the  great  distinction  of  which,  from  those  of  the  last  style,  is 
the  almost  constant  square  head  over  the  arch,  which  is 
surrounded  by  the  outer  moulding  of  the  architrave,  and  the 
spandrell  filled  with  some  ornament,  and  over  all  a  dripstone  is 
generally  placed.  This  ornamented  spandrell  in  a  square  fat^ad, 
occurs  in  the  porch  to  Westminster  Hall,  one  of  the  earliest 
perpendicular  buildings,  and  is  continued  to4he  latest  period  of 
goml  execution,  and  in  a  rough  way  much  later.  In  large, 
very  rich  doors,^  a  canopy  is  sometimes  included  in  this  square 
bead,  and  som^imes  niches  are  added  at  the  sides,  as  at  King'0 
college  chapel,  Cambridge.  This  square  head  is  not  always 
used  interiorly,  for  an  ogee  canopy  is  sometimes  used,  or  pannels 
down  to  the  arch,  as  at  St.  George's,  Windsor;  and  there  may 
be  some  small  exterior  side  doors,  without  the  square  head,  but 
tbey  are  not  common.  The  shafls  used  in  these  doors,  are 
small,  and  have  plain  capitals,  which  are  often  octagcmnl,  and 
the  bases  made  so  below  the  firbt  astmgal.  It  is  also  very 
common  for  the  architrave  to  c/>nsist  of  ogee  mouldings,  as 
well  as  the  rounds  and  hollows  which  have  been  before  u&ed. 

Perpendicular  English  Windows. 

These  are  easily  dibtinguished  by  their  muUions  running  in 
perpendicular  lines,  and  the  transoms,  which  are  now  general. 
The  varieties  of  the  last  style  uere  in  the  di«>position  of  the 
principal  lines  of  the  tracery;  in  thi»,  tttey  are  rather  in  the 
disposition  of  the  minute  parts,  a  window  of  four  or  more  lights 
is  generally  divided  into  two  or  three  parts  by  sironsrer  mullions 
running  quite  up,  and  the  portion  of  arch  between  them  doubled 
fiom  the  centre  of  the  Mtcie  division.  In  larire  windows,  the 
centre  one  is  again  sometimes  marie  an  argh,  and  often  in 
windows  of  seven  or  nine  lights,  the  arches  spring  arrms, 
onking  two  of  four  or  five  lights,  and  the  centre  belonging  to 
each.'  The  heads  of  windows,  innteiid  of  beiui?  fillKl  with 
flowing  ramifications,  liave  nlender  mullions  running  from  the 
beads  of  the  lights,  between  each  principal  muUioii,  and  these 
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have  small  transoms  till  the  window  is  divided  into  a  series  of 
small  puuieb;  and  the  heads  being  arched,  are  trefoiled  or 
cinquefotled;  sometimes  these  small  muUions  are  crossed  oyer 
each  other  in  small  arches,  leaving  minute  quatrefoils,  and  these- 
are  carried  acsosa  in  straight  lines.  Under  the  transom  ia  itene- 
rally  an  arch  of  some  find,  but  in  Yorkshire,  Lincolnshire^ 
and  Nottinghamshire,  and  perhaps  in  some  other  parts,  there  ia 
a  difienml  mode  of  foliating  the  straight  line  without  an  arch^ 
which  has  a  singular  appearance,  (see  plate  I.)  In  the  bter 
windows  of  this  style,  the  transoms  are  often  ornamented  with: 
small  battlements,  which,  when  well  executed,  have  a  very  fine 
idecl.  Amidst  so  ^eat  a  variety  of  windows,  (for  perhaps  full 
half  the  windows  m  English  edifices  over  the  kin^om  are  of 
this  style,)  it  is  difficult  which  to  notice;  but  Windsor,  St. 
George's,  for  four  lights,  and  the  ctercstory  windows  of 
Henrv  the  VII.'s  chafwl  for  five,  are  some  of  the  best  executed ; 
for  a  uurge  window,  the  east  window  of  York  has  no  equal,  and 
bv  taking  its  parts,  almost  any  sized  window  may  be  formed. 
There  are  some  good  windows,  of  which  the  holds  have  the 
mullions  alternate,  that  is,  the  perpendicular  line  rises  from  th# 
top  of  the  ai£h  of  the  peoinel  below  it.  The  windows  of  the 
Abbey  churdh,-  at  Bath,  are  of  this  description. 

It  is  necessary  here  to  say  a  HUle  of  a  window  which  may 
be  mirtsken  for  a  decorated  window;  this  is  one  of  three  lights, 
used  in  many  country  churches,  the  miilli<ms  simply  cross 
each  other,  and  are  dnquefoiled  in  the  heads,  and  quatrefoiled 
in  the  three  upper  spaoes;  but  to  distingubh  this  from  a  deoo« 
lated  window,  it  will  generally  be  necessary  to  eximine  its  areh, 
its  qnullion  mouldings,  and  its  dripstone,  as  well  as  its  being 
(as  it  often  is)  accompanied  by  a  deariy  perpendicular  window 
at  the  end,  or  connected  with  it  so  as  to  be  evidently  of  that 
time.  Its  arch  is  veir  often  four-centred,  which  at  once 
decides  its  date;  its  mullion  mouldings  are oftm  small,  bmA  very 
delicately  worked ;  its  dripstone  often  has  some  clear  marie,  ana 
when  the  decorated  trsoery  is  become  fiuniluur,  it  will  be  dieting 

iuished  by  its  being  a  mere  foliation  of  a  space,  and  not  a 
owing  quatrefi^il  with  the  mouldings  carried  round  it. 

Large  circuhir  windows  do  not  appear  to  have  been  in  use 
in  this  style;  but  the  tracery  of  the  circles  ia  the  transepts  of 
Westminster  abbey  appear  to  have  been  renewed  dnriuf  this 
period.  At  Henry  the  YII.'s  chapd,  a  window  is  used  m  the 
aisles  which  seems  to  have  led  the  way  to  thaA  wretched  sub* 
stitute  for  fine  tracery,  the  sqnare^headed  windows  of  queen 
Hisabeth  and  king  James  the  fint's  time.  This  window  is  a 
series  of  small  penneb  forming  a  mttn  beadf  and  it  is  not  ilaA 
but  in  protections,  and  these,.witn  the  octagonal  towcss  ttwd 
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Ibr  botlreBMB,  throw  the  exterior  of  the  building  into  frittert 
iU^asBorting  with  the  richness  of  tlie  clerestory  windows.  In 
most  of  the  later  buildings  of  this  style,  the  window  and  its 
architiate  eompleteiy  fills  up  the  space  between  the  buttresses, 
and  the  east  and  west  windows  are  often  very  lar/gne;  the  west 
window  of  St.  George's,  Windsor,  has  fifteen  lights  in  thiee 
diTisions,  and  is  a  grand  series  of  pannels,  from  the  floor  to  the 
roof;  the  door  is  amongst  the  lower  ones,  and  ail  abore  the 
next  to  the  door  is  pter^  for  the  window.  The  east  window 
«t  Gloucester  is  also  very  large,  but  that  is  of  tliree  distinct 
parts,  not  in  the  same  line  of  plan. 

When  canopies  are  used,  which  is  not  so  often  as  in  the 
last  style,  they  are  generally  of  the  ogee  character,  beautifully 
erocfceted. 

PerpemSculnr  English  Arches* 

Although  the  four-centrrd  arch  is  much  used,  particularly 
in  the  latter  part  of  the  style,  yet,  as  in  all  the  other  styles,  we 
luve  in  this  also  arches  of  almost  all  sorts  amongst  the  ornamen- 
tal parts  of  niches,  &c.,  and  in  the  composition  lines  of  panoels, 
are  arches  fitom  a  very  fine  thin  lancet  to  an  almost  flat  segment. 
Yet,  with  all  this  variety,  the  fonr^centied  arch  is  the  one  most 
used  in  large  buildings,  and  the  arches  of  other  characters,  used 
in  the  division  of  the  aisles,  b^in  to  have  what  is  one  of  the 
great  distinctions  of  this  style, — the  almost  constant  use  of 
monldiags  running  from  the  b^e  all  round  the  arch,  without 
any  stop  horiaontally,  by  way  of  capital,  sometimes  with  oj^ 
shaft  and  capital,  and  the  rest  of  the  lines  running.  The  shafta 
in  front  running  up  without  stop  to  the  roof,  and  from  their 
capitals  springing  the  groins.  In  window  arches,  shafta  are 
now  very  seldom  used,  the  architrave  running  all  round,  and 
both  window  arches  and  the  arches  <rf  the  interior,  are  often 
enclosed  in  squares,  with  ornamented  spandrells,  either  like  the 
doon  or  of  panndling.  Interior  arches  have  now  seldom  any 
dripstone  when  the  square  is  used,  but  at  Bath  there  is  a  clear 
dripstone  distinct  from  the  arch  mouldings. 

Another  great  distinction  of  these  arcties,  in  large  buildings, 
is  the  absence  of  the  triforicim  or  gallery,  between  the  arches  of 
tlie  nave  nnd  the  clerestory  windows;  their  phce  is  now  supplied 
by  pannels,  as  at  8t.  Gkorge's,  Windsor,  or  statuary  niches,  as 
at  Henry  the  YII.'s  chapel ;  or  tliey  are  entirely  removed,  as  at 
Bath,  and  Bfauchester  Old  church,  &c. 

PerptndiaUar  EngUsh  Piers* 
The   mnssife   Norman  round  pier,    lessened  in  size  and 
i^^fMi^  in  length,  with  shafla  set  round  it,  became  the  early 
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Englisb  pier ;  the  shafts  wefe  multiplied  and  9ct  into  the  6oe  of 
the  pier,  which  became,  in  its  plan,  Icnen^re,  and  fornied  the 
decorated  pier;  we  now  find  the  pter  again  altering  in  shape, 
becoming  moch  thinner  between  the  arches,  and  its  pfoportton 
the  other  way,  from  the  nave  to  the  aisle,  incieased,  by  aaving 
those  shafts  which  ran  to  the  roof,  to  support  the  springings  <if 
the  groins,  added  in  front,  and  not  forming  a  part  of  the 
moaldings  of  the  arch,  hut  baring  a  bold  hollow  between  them: 
this  is  particularly  appaient  at  King^s  coll^pe  chapel,  Cambridge, 
St.  Greorge'sy  Windsor,  and  Henry  the  VII/s  chapel,  the  three  c 

great  modeb  of  enriched  perpendicular  style;  but  it  b  obsenr- 
able  in  a  less  degree  in  many  others.  In  small  churches,  the 
pier  mentioned  in  the  last  style,  of  four  shafts  and  four  hollows, 
IS  still  much  used;  but  many  small  churches  have  humble 
imitations  of  the  magnificent  arrangement  of  shafts  and  mould- 
ings spoken  of  above.  There  are  still  some  plain  octagonal, 
&c.  piers,  in  small  churches,  which  may  belong  to  this  age. 

Tnough  filleted  shafts  are  not  so  much  used  as  in  the  last 
style,  the  exterior  moulding  of  the  architrave  of  interior  arches 
b  sometimes  a  filleted  round,  which  has  a  good  efiect;  and  in 
general  the  mouldings  and  parts  of  piers,  architraves,  &c  aie 
much  smaller  than  those  used  in  the  la^t  style. 

PerpendioiUir  English  Buttresses. 
TheK  differ  very  little  from  those  of  the  List  style,  except 
that  triangular  heads  to  the  stages  are  much  less  used,  the  sct-ofi 
being  much  more  often  bold  projections  of  plain  slopes;  yet 
many  fine  buildings  have  the  triangular  heads.  In  the  upper 
story,  the  buttresses  ate  often  very  thin,  and  of  diagonal  faces. 
There  are  few  kirge  buildings  of  this  style  without  flying 
buttresses,  and  theie  are  often  pierced;  at  Henry  the  VII. 's 
chapel  they  are  of  rich  tracery,  and  the  buttresses  are  cx:ta^onal 
turrets.  Al  King's  college  chapel,  Cambridge,  which  has  only  one 
height  within,  the  projection  of  the  buttresses  b  so  great  as  to 
albw  chapels  between  tlie  wall  of  the  nave,  and  another  levd 
with  the  front  of  the  buttresses.  At  Gbucester,  and  perhaps  at 
some  other  places,  an  arch  or  half  arch  is  pierced  in  the  lower 
part  of  the  butlretis.  There  are  a  few  buildings  of  this  style 
without  anv  buttresses.  All  the  kinds  are  oocasiooally  orna* 
Biented  with  statuary  niches,  and  canopies  of  various  descrip- 
tions, and  the  diagonal  comer  buttress  b  not  so  common  as  in 
the  hi»(  style ;  but  the  two  buttresses  often  leave  a  square,  which 
rnns  up,  and  sometimes,  as  at  the  tower  of  the  Old  church  at 
Manchester,  b  crowned  with  a  third  pinnacle. 

Aitboogh  pinnacles  are  used  very  freely  in  thb  style,  vet 
'  "^  are  some  buildings^  whose  butCiesies  mn  up  and  fiotsb 
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square  without  any;  of  this  description  is  St.  Geor^e^s^ 
Windsor.  The  buttresses  of  the  small  eastern  addiHon  at 
Peterborough  cathedral  are  curious,  having  statues  of  saints*  for 
pinnacles. 

In  interior  ornaments,  the  buttresses  used  are  sometimes 
gmall  octagons,  sometimes  panneiled,  sometimes  plain,  and 
then,  as  well  as  the  small  buttresses  of  niches,  are  oiten  banded 
with  a  band  different  from  the  Early  Entrlish,  and  ronoh  broader. 
Such  are  the  buttresses  between  the  doors  of  Henry  the  VJL's 
chapeL 

Perpendicular  English  Tablets, 

The  cornice  is  now,  in  large  buildincrs,  often  composed  of 
many  small  mouldings,  sometimes  divided  by  one  or  two  consi- 
derable hollows,  not  very  deep;  yet  still,  in  plain  buildings, 
the  old  cornice  mouldings  are  much  adhered  to;  but  it  is  more 
often  ornamented  in  the  libllow  with  flowers,  &c.  and  sometimes 
with  grotesque  animals ;  of  this  the  churches  of  Gresford  and 
Mold,  in  Flintshire,  are  curious  examples,  being  a  complete 
chase  of  cats,  rats,  mice,  dogs,  and  a  variety  of  imaginary 
figures,  amonjj^t  which  various  grotesque  monkeys  are  very, 
conspicuous.  In  the  latter  end  of  the  style,  something  very 
analogous  to  an  ornamented  frieze  is  perceived,  of  which  the 
canopies  to  the  niches,  in  various  works,  are  examples;  ani 
the  angels  so  profusely  introduced,  in  the  later  rich  works,  are 
a  sort  of  cornice  ornaments.  These  are  very  conspicuous  at 
St.  George^s,  Windsor,  and  Henry  the  VII. *s  chapel.  At 
Bath,  is  a  cornice  of  two  hollows,  and  a  round  between  with 
fillets,  both  upper  and  under  surface  alike.  The  dripstone  of 
this  style  is,  in  the  hends  of  doors  and  some  windows,  much 
the  same  as  in  the  last  style,  ami  it  most  generally  finishes  by  a 
plain  return;  though  corbels  are  sometimes  uscd«  this  return  is 
frequently  continued  horizontally.  Sometimes  a  much  smaller 
dripstone  is  used,  of  only  a  round  and  hollow. 

Tablets  under  the  wintlows  are  like  this  last  or  other  drip- 
stone, and  sometimes  fine  bands  are  carried  round  as  tablets. 
Of  these  there  are  some  fine  remains  at  the  cathedral,  and  al 
the  tower  of  St.  John's,  Chester. 

The  liasement  mouldings  ordinarily  used  are  not  materially 
difilerent  from  the  last  style ;  reversed  osccos  and  hollows,  vari- 
ously disposed,  being  the  principal  mouldings. 


PerpentHcular  English  Niches. 
These  are  very  numerous,  as  amongst  them  we  must  include 
nearly  all  the  stall,  tabernacle,  and  screen  work  in  the  En|^ish 
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dinrcbet ;  for  there  appean  litUe  if  amy  woodwork  of  an  older 
date,  and  it  it  probable  that  much  screen  work  was  defaced  at 
the  leformatioaf  and  rcstoied  hi  ^ueen  Bfary's  time,  and  not 
again  destrojed,  at  least  the  execution  of  much  of  it  would  lead 
to  soch  a  supposition,  being  Tety  full  of  minute  tracery,  and 
much  attempt  at  stiffly  ornamented  frioes.  Many  niches  are 
simple  recesses,  with  rich  ogee  canopies,  and  others  have  over- 
hanging square-headed  canopies,  witn  many  minute  buttresses 
and  pinnacles,  crowned  with  battlements ;  or,  in  the  latter  pait 
of  the  style,  with  what  has  been  called  the  Tudor  flower,  an 
ornament  used  instead  of  battlement,  as  an  upper  finish,  and 
profusely  strewed  over  the  roofs,  &c.  of  the  ncner  later  build* 
mgs.  Of  these  niches,  those  in  Henry  the  VII.*8  chapd, 
between  the  arches  and  cleiestor]^  windows,  are  periuips  as  good 
a  specimen  as  any.  Of  the  plam  recesses,  with  ogee  canopies, 
thrn  are  some  fine  ones  at  Windsor. 

The  whole  interior  of  the  richer  buildings  of  this  style,  is 
Aiore  or  less  a  series  of  pannels,  and  therefore,  as  every  pannd 
n»y,  on  occasion,  beomne  a  niche,  we  find  great  variety  of 
shape  and  size ;  but  like  those  of  the  last  style,  they  may 
generally  be  reduced  to  osie  or  other  of  these  divisions, 

Perpmdktdar  EngUtk  Onmrnenis, 
The  grand  source  of  ornament,  in  this  style,  is  psnaeKin^ ; 
indeed,  the  interior  of  most  rich  buildings  is  only  a  general: 
series  of  it ;  for  example,  King's  college  chapel,  Cambridge,  is  all 

Cnnel  except  the  floor;  for  the  doors  and  windows  are  nothing 
t  pierced  pannels  included  in  the  general  design,  and  the 
very  roof  is  a  series  of  them  of  diflerent  shapes.  The  same  may 
be  said  of  the  interior  of  St.  George^s,  Windsor,  and  still  fur- 
ther, Henry  the  VII/s  chapel  is  so  both  within  and  without, 
there  being  no  phin  wall  all  over  the  rhapd,  except  just  the 
exterior  below  the  base  raouldinff,  aU  above  is  ornamental 
pannel.  All  the  small  chapels  oflate  erection,  in  this  style, 
such  as  those  of  Bishop  Fox  at  Winchester,  and  several  in 
Windsor,  are  thus  all  pierced  pannel.  Exclusive  of  this  general 
•onrce  of  ornament,  there  are  a  few  peculiar  to  it,  one,  the 
battlement  to  transoms  of  windows,  has  already  been  mentioned ; 
this,  in  works  of  late  date,  is  very  frequent,  sometimes  extend* 
ing  to  snutU  transoms  in  the  head  of  the  window,  as  well  as  the 
^neral  division  of  the  lights.  Another,  the  Tudor  flower,  is, 
m  rich  work,  equally  common,  and  forms  a  most  beautiful 
enriched  battlement,  and  is  also  sometimes  used  on  the  transoms 
of  windows  in  small  work*  Another  peculiar  ornament  of  this 
style^  is  the  angel  cornice,  used  at  Windsor  and  Heniy  the 
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VII. 's  chapd ;  but  though  accoTding  ivith  the  character  of  thost 
buildings,  it  k  by  no  means  fit  for  general  use.  These  angels 
have  b^n  much  diffused,  as  supporters  of  shields,  and  as  cor* 
bels  to  support  roof  iieams,  &c.  Plain  as  tbe'Abbey*church  at 
Bath  is  in  its  general  execution,  it  has  a  variety  of  angels  as 
corbels,  for  different  purposes. 

Flowers  of  various  kinds  continue  to  ornament  cornices,  &c« 
and  crockets  were  variously  formed  towards  the  end  of  the  style, 
those  of  pinnacles  were  often  very  much  projected,  which  has  a 
disagreeable  effect;  there  are  many  of  these  pinnacles  at 
Oxford,  principally  worked  in  the  decline  of  the  style. 


lor  English  Steeples, 

Of  these  there  remain  specimens  of  almost  every  description, 
from  the  plain  short  tower  of  a  country  church,  to  the  elaborate 
and  gorgeous  towers  of  Gloucester  and  Wrexham.  Tbei-e  are 
various  fine  spires  of  this  style,  which  have  little  distinction  from 
those  of  the  last,  but  their  age  may  be  generally  known  by  their 
ornaments,  or  the  towers  supporting  them.  Almost  everv 
coDceivabie  variation  of  buttress,  battlement,  and  piniuu^le,  is 
used,  and  the  appeamnce  of  many  of  the  towers  combines,  in 
a  very  eminent  degree,  extraordinary  richness  of  execution  and 
grandeur  of  design.  Few  counties  in  England  are  without 
•onie  good  examples;  besides  the  two  already  mentioned, 
Boston  in  Lincolnshire,  AU  Saints  in  Derby,  St.  Mary's  al 
Taunton,  St.  George's,  Doncaster,  are  celebrated;  and  thu 
plain,  but  exceliently  proportioned,  tower  of  Magdalen  college, 
Oxford,  deserves  much  attention. 

Amongst  the  smaller  churches,  there  are  many  towers  of 
oncomroon  beauty,  but  few  exceed  Gresford,  between  Chester 
and  Wrexham ;  indeed,  the  whole  of  this  church,  both  interior 
and  exterior,  is  worth  attentive  examination.  Pannton,  near 
Grantham,  has  also  a  tower  curious  for  its  excellent  masonry. 
There  are  of  this  style  some  small  churches  with  fine  octagonal 
kmterDS,  of  which  description  are  two  in  the  city  of  York. 

MiscelUmeoMS  Remarks  on  the  Perpendkular  Buildings^ 
Of  this  style  are  so  many  buildings  in  the  finest  preserva^ 
tiflo,  thai  it  is  diflicolt  to  select;  Imt,  on  various  accounts, 
Mvml  claim  particular  mention.  The  choir  at  York  is  one  of 
the  earliest  building;  indeed  it  is,  in  general  arrangementS| 
like  the  nave,  bat  its  ornamental  parts,  the  gallery  untler  the 
windowt,  the  windows  themselves,  and  mnch  of  its  pannelliag 
hi  the  inlerior,  are  completely  of  perpendicular  character, 
ihongli   thf   simple   nobility   of  the  piers   is  the  same  ai 
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the  nave.  The  choir  of  Gloucester  is  also  of  ibis  niyle^  and 
most  completely  so,  tor  the  nvbole  interior  is  one  series  of  open* 
work  pannels  laid  on  the  Norman  work,  parts  of  which  are 
cut  away  to  rea*ive  them;  it  forms  a  very  ornamental  whole, 
but  by  no  means  a  model  for  imitation. 

Ot  the  later  character,  are  three  roost  beautiful  specimens^ 
King^s  coUefiie  chapel,  Cambridge,  Henry  the  VII.  s  chapel, 
and  St.  Geor^e^K,  Windsor;  in  these,  richness  of  ornament  is 
lavished  on  every  part,  and  they  are  particularly  yaUiabie  for 
fur  being  extremely  different  from  each  other,  though  in  manr 
respects  alike.  Of  these,  undoubtedly  St.  Greorgc's,  Wind- 
sor, is  the  most  valuable,  from  the  great  variety  of  composition 
arising  from  its  plan;  but  the  root  and  single  line  of  wall  of 
King^s  college  chapel,  Cambridge,  deserves  great  attention,  and 
the  details  of  Henry  the  VII.'s  chapel  will  always  command  it^ 
from  the  great  delicacy  of  their  execution. 

Of  small  churches,  there  are  many  excellent  models  for  iroi« 
tation,  so  that  in  this  style,  with  some  care  and  examination, 
nothing  hardly  need  be  executed  but  from  absolute  authority. 
The  monumental  chapels  of  this  style  arc  peculiarly 
attention,  and  often  of  the  most  elaborate  workmanship. 

Of  BaiUemenls. 

Having  now  gone  through  the  styles  in  detail^  we  come  to 
those  sections,  which,  as  l^ore  mentioned,  it  is  necessary  to 
give  in  a  connected  series. 

From  exposure  to  weather  and  various  accidents,  we  find  very 
few  roofs  in  their  original  state,  and  from  the  vicinity  of  the 
battlement,  &c.  we  find  these  also  are  very  often  not  original. 
It  sef-ms  difficnlt  to  ascertain  what  the  Norman  battlement  was^ 
and  there  seems  much  reason  to  suppose  it  was  only  a  plain 
pampet;  many  Norman  structures  have  either  battlements 
evidently  of  later  date,  or  parapets  as  evidently  mutilated^  and 
in  the  larger  buildings  of  the  early  English  style,  the.  parapet 
continues  mostly  to  be  used.  Perhaps  some  of  the  earlieii 
battlement  is  Uiat  at  the  west  end  of  Salisbury  cathedral, 
plain,  of  nearly  equal  intervak,  and  with  a  plain  capping 
nonlding,  but  it  may  be  doubled  if  even  this  is  original.  An 
ornamented  parapet  continued  to  be  used  through  the  next  style, 
but  with  the  very  frequent  use  of  battlements  of  several  sorts,  both 
plain  and  pierced;  and  as  thew  continued  with  less  alteratioa 
than  many  other  part«,  through  the  perpendiculac  style,  it  will 
he  better  to  describe  them  altog(*ther,  just  observing  that  a  eon- 
siderable  degree  of  perpendicular  pannelUng  prevails  in  tht 
batlkments  of  the  later  edifices.      The  most  frequent  early- 
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S'erced  piiapety  is  a  series  of  interchanged  trefoils  with  a' 
le  serpentine  liiie  sepaiatinfftbem ;  this  has  a  fine efiect,  and 
is  mostly  used  in  Decorated  ISn^Hsh  buildings ;  for  in  the  Per« 
pendicttlary  the  dividing  line  is  straight,  making  a  series  of 
interchanged  triangles.  Of  pierced  battlements  there  are  many ' 
varieties,  but  the  early  ones  nave  frequently  quatrefoils,  eitim 
for  the  lower  compartments,  or  on  the  top  of  the  pannels  of  the 
lower,  to  form  the  higher;  the  later  have  often  two  heights  of 
pannels,  one  range  for  the  lower,  and  another  over  them  form- 
ing the  upper,  and  at  Loughboroueh  is  a  fine  battlement  of 
rich  {Merced  qnatrefoils,  in  two  heights,  forming  an  indented 
battlement.  These  battlements  have  generally  \  running  cap 
fluniUing  carried  round,  and  generally  following  the  line  of 
battlement.  There  are  some  few  later  buildings,  which  have 
pierced  battlements,  not  with  straight  tops,  but  variously  oma« 
meoied;  such  is  the  toqib  house  at  Windsor,  with  pointed 
upper  compartments,  and  such  is  the  battlement  of  the  eastern 
addition  at  Peterborough,  and  the  great  battlement  of  King's 
college  chapel,  Cambridge,  and  also  that  most  delicate  battle* 
nrnt  over  the  lower  sim  chapels;  this  is  perhaps  the  most 
elegant  <tf  the  kind.  Sometimes  exteriorly,  and  often  interiorly, 
the  .Tudor  flower  is  used  as  a  battlement,  and  there  are  a  few 
instances  of  the  use  of  a  battiement  analogous  to  it  in  small 
watkM  long  before,  sudt  is  that  at  Waltham  cross. 

Of  pwn  battlements  there  are  seveml  descriptiotts:  Ist, 
that  of  nearly  equal  intervals,  with  a  pbtin  round  capping 
tnnnmg  round  with  the  outline.  Snd,  The  castelhited  battle* 
rodst,  of  nearly  eaual  intervals,  and  sometimes  with  large  bat* 
tkmeots  and  small  intervals,  with  the  cap  moulding  rumiing 
only  horixontal,  and  the  sides  cut  plain;  this  is  perhapa 
the  best  in  point  of  eftct  of  any.  Sd,  A  battlement  like 
the  last,  witii  the  addition  of  a  moulding  which  runs  round 
the  outline,  and  has  the  borisontal  capping  set  upon  it.  4tii^ 
The  moat  oommon  btter  battlement,  with  the  cap  monlding 
broad,  of  seveial  mouldings,  and  running  round  the  outline, 
and  thus  often  naarcming  tw  intervals,  and  enbrging  the  battle- 
To  one  or  oImt  of  these  varieties,  most  battlemeata 
ij  be  reduced ;  but.ihrr  are  never  to  be  depended  on  atone, 
la  detemining  Uie  age  of  a  buiUingy  from  tne  veiy  frequent 
akf  intirm  4>ey  art  lirible  to. 

Of  Roofr. 
Rooft  nay  be  eoovonieiitljr  divided   into  two   principal' 
divissoiis;  the  fliat  hlclnding  thos&in  wkidi  the  ab|ied[  framing^ 
7,  Vol.  I.  .         V 
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cfurryiw  Ibe  bid, or  other  ooveriDg,  is  viable;  And  thf  second 
tiKMte  wnicii  bare. an  inner  roof  of  yarions  materials. 

.  H  is  difficult  to  iar  irhat  were  the  open  Norman  roofs,  imt 
it  seems  m^  likel j  they  exposed  the  nAerB  and.  other  framiof 
of  the  roof)  and  probably  had  strain bt  beams  laid  aqmss  the 
walls  of  Uie  nave  over  each  pier.  If  any  original  roo&  of  this* 
kind  rcmaini  Rochester  catnedial  seems  most  likely  to  be  one. 
T^he  first  attempt  to  ornament  these  roofs,  seems  to  hare  been 
to  make  a  timber  arch  over  each  pier,  and  to  frame  timbers  in 
squaies  diagooally,  and  these  are  sometimes  made  ipto  quatre* 
foils,  and  aiflerwsirds  the  arch  framing  became  varioosly  orna^ 
mented,  till  it  came  to  the  gorgeous  hall  roof,  of  whicn  there 
mfe  many  fine  specimens,  but  perhaps  few,  if  any,  superior  to 
that  of  Westminster  hall.  The  roof  of  St.  Stephen's  chapel 
was  o£  peculiar  beanty,  and  that  of  the  chapterhouse  at  Exeter, 
is  mucQ  like  it*    From  the  pier^   springs  an  arch  which  b 

S'  reed  in  the  spandrells,  and  richly  ornamented  with  pierced 
Iherinffs;  ana  the  sloping  roof  is  constructed  in  small  squares, 
beautiful^  ornamented,  witn  quatvefoils. 

There,  are  Imiklings  in  which,  though  tile  upp^  roof  i  is 
shown,  there  is  a  preparation  Cmt  an  inner  roof,  sndi  is  Chester 
cathedialt  where  only  the  lady  ohimel,  and  the  aisles  of  the 
choiff  are  groined,  and  the  whole  or  the  rest  of  the  church  is 
open;  but  on  the  top  of  the  shafts  are  the  oommencentcnt. 
spviugvi^  of  a  stone  groined  roof.  These  is  a.  chapd  in  a 
oinrcn  in  Cambrid^hare,  Willingham.  between  El^  aliid 
Cambridge,  which  has  a  Tery  singular  row ;  stone  rihs  rise  like 
the  timlwr  ones,  the  iatenrals  are  pierced,  and  the  slope  of  the 
luof  is  of  stone;  it  is  high,  pitched,  and  the.  whole  appears  of 
decomte^  ehamloter. 

- .  The  second  dirision,  or  inner  looft,  are  tery  turiMs;  from 
fajslory  it  seems  as  if  die  most  early  inner  roof  was  flat  ovur 

20   beams^   and  these  were  pbnked  and  painted, as  at  St. 
lban*s  and  Peterborough^ .  Tfce  latter  is,  indeed,  m  skigalaily 
fa|pautifttl  relic ;  it  has  latdy  beet  jepainlsd,  as  it  was  oripnallyy 
aiid  now  preseots  an  appearaaee  or  rich  nocaio,  like  acarj^ 
"ftfUof  stifif  lines,  and  its  grniefaldiTisimi  k  into  lonenges,  uMi- 
fibwers  of  Norman  character,    and.  the  whole  aooording   hi- 
«|ssign  with,  the  omaments  of  that  style.    This,  ksml  of  roof, 
most  likely  contributed  much,  espedaUy  whan   tfceaslsriev: 
roof  was  covered  with  shingles,  to  spread  those  destruotiTe  fires 
which  we  so  frequently  raid  of  In  the  history  of  the  early 
diutohes.      There  am  some  rpofii  of  this  oonstmctsoWy  in 
cpmtrj  churches,  but  mevaUy  of  a  vesy  btadals^  aad^ 
times  pahited  with  wretded  attempts  at  clouds. 
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There  •ddes  not  seem  to  be  an  J  wooden  inner  roofr,  except 
plaster  irroining,  now  remaining,  till  we  come  to  tbe  Perpendt^ 
cnlair  oidinaiy  style  of  rooflng,  which  was  rich,  thonjth  eakily 
oonfltrvcted ;  a  rib  eroded  above  fbe  piel-,  with  a  sraali  Oat  oitelfi 
and  this  waft  eroseed  by  another  in^ttie  centre  of  the  nare,  ifiia 
the  gpaoes  thas  formed  were  again  divided  by  crote  ribs,  tM 
reduced  to  squares  of  two  or  three  feet ;  and  at  eadb>  intersec- 
tion, a  flower,  sfaidd,  or  other  ornament  was  placed.  This  roof 
was  sometimes  in  the  aisles  made  sloping*,  and  od^ionfdlf 
coved.  In  a  few  instances^  the  squares  were  filled  trith  fims^ 
ftc.  of  smsill  trasoefy. 

The  next  and  tiiosi  important  m6de  of  interior  roofiiig,  li 
the  rqgvlAr  groined  roof,  and  of  this  descriptbn'  we  have  a 
regular  and  valuiiUe  series,  from  the  plain  Normata  rbifnd 
arched  n9of|  to  Ae  elaborate  pendanted  roof  of  Henry  the  Vlf.^ 
chapel/ 

The  varbus  Norman  crypts,  and  some  smntt  chuubfaes,  gtyift 
very  good  specimens  of  the  Norman  roof,  which  has  simply 
four  cross  springers,  often  without  straight  ribs  from  the  opposite 
piieffs.  The  draeb  springers  were  ornamented  in  the  ^sual  man« 
ner  with  oarviags  or  aigzag  and  other  Norman  ornaments.  Th^ 
first  pointed  roof  added  nothing  to  the  Norman,  in  ribs,  except 
the  one  from  pier  to  pier.  The  ribs  were  often  enriched  by  toe 
toothM  onmnent,  and  generaHy  a  boss  or  knot  at  th^  centrif 
interwctions.  Cnnterbnry,  some  parts  of  Lincoln,  but  abovt 
all,  Salisbury  eathedml,  are  admirable  specimens  of  these  rooftj 
which  were  erected  mostly  in  the  time  of  the  eariy  English  style^' 
or  attached  to  buildings  of  that  date. 

The  next  advance  appears  in  the  roof  of  the  nave  at  Wells' 
cathedral ;  in  (his  a  plain  rib  rnns  longitudinally  at  the  tnpj 
crossing  the  rib  from  the  piers,  and  also  the  intersection  of  tne 
cross  springen,  and  another  rib  runs  cross  ways  at  the  top  of  th# 
window  arch^^  crossing  the  centre  intersection.  To  tiiis  soOd 
succeeded  the  multiplication  of  the  rit)8,  which  mfeet  the  longi^ 
lodinal  straight  crois  rib,  and  at  their  intersections  have  bosses; 
To  this  is  added,  in  the  richer  roofs,  short  ribs  running  from' 
one  of  these  bassds  to  another,  and  these  are  increased  in  tha 
later  roofs,  till  (he  whole  is  one  series  of  net  ^ork,  of  which  the 
roof  of  the  choir  at  Gloaoesler^  is  one  of  the  most  oompttcateil 
apecimms.  The  hiter  moMimeiital  chapels  and  statuary  niches, 
mofily  present  in  their  rooft  very  complicated  tracery. 

'  Of  the  ribbed  rqois,  irbich  are  rich  without  being  gorgeous, 
perhaps  Yoric  minster  eiddbilsa  spodmen  ncA  itiferior  to  My 
other. 
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We  now  come  to  a  new  and  moit  delicate  dewriiilton  of 
loof,  that  of  fan  tracery^  oS  which  probably  the  carlieit)  and 
certainly  one  of  the  mo»t  elegant  is  that<^  the  doislen  at  Gbo- 
oester.  In  theie  roofs,  from  the  top  of  the  shaft  springs  a  small 
Isn  of  ribs,  which  doubling  out  from  the  points  ot  the  panneb, 
lamify  on  the  roof,  and  a  quarter  or  half  circular  rB>  rorms  the 
fim,  and  the  loMmge  interval  is  formed  by  some  oi  tbe  ribs  of 
the  fan  running  through  it,  and  dividing  it  into  portions,  which 
are  filled  with  ornament.  Kine*s  coV^gt  chapel,  Cambridge, 
Henry  the  VII/s  chapel,  and  the  Abbey  church  at  Bath,  are 
tbe  bat  specimens,  after  tbe  Gloucester  cloisCers ;  and  to  these 
may  be  added  the  aisles  of  St.  George's,  Windsor,  and  that  of 
the  eastern  addition  to  Peterborough.  To  some  of  these  rooft 
are  attached  pendants,  which,  in  Henry  the  VU.'s  chapel, 
oome  down  as  low  as  the  springing  line  of  the  fans. 

The  loof  of  the  nave  and  choir  of  St.  Georve's,  Windsor, 
is  very  singular,  and  perhaps  uniaue.  The  ordinary  propor- 
tion m  the  arches  and  piers  is  half  the  breadth  of  the  nave; 
this  makes  tbe  roof  compartments  two  squares,  but  at  Windsor 
the  breadth  of  tbe  nave  is  nearly  thiee  times  that  of  the  aisles, 
and  this  makes  a  figure  of  about  three  squares.  The  two  exterior 
parts  are  such  as,  if  jmned,  would  make  a  very  rich,  ribbed 
foof;  and  the  centre  compartment,  which  runs  as  a  flat  arch,  ia 
filled  with  tracery  pnnneb,  of  various  shapes,  ornamented  with 
quatiefoils,  and  forming  two  halves  of  a  star;  in  the  choir  the 
centre  of  the  star  is  a  pendant.  This  roof  is  certainly  the  most 
aingnlar,  and  perhaps  the  richest  in  eflectof  any  we  have;  it  is 
profusely  adorned  with  bosses,  containing  shields,  &c. 

There  still  remains  one  more  description  of  roof,  which  is 
used  in  small  chapeb,  but  not  common  \n  brge  buildings :  this 
is  the  arch  roof;  in  a  few  instances  it  is  found  plain,  with  a 
airopte  ornament  attlie  spring  and  the  point,  and  this  is  gene- 
rally a  hoUow  moulding  with  flowers,  Asc.  but  it  is  mostly 
panneUed.     Of  this  roof  the  nave  of  Bath  is  a  most  beauUfnl 

yscimen.  The  arch  is  very  flat,  and  is  own  posed  of  a  series 
small  rich  pannels,  with  a  few  hirge  ones  at  tbe  centre  of  the 
ooniiartments  formed  by  the  piers.  Another  beautiful  roof 
of  tnis  kind  is  the  porch  to  Henry  the  VII.'s  chapel;  but  tUs 
is  so  hid,  rrom  the  want  light,  as  to  be  seldom  noticed. 

The  ribbed  rooA  are  omn  fiwmed  of  timber  and  plaster, 
but  are  generally  coloured  to  represent  stone  work. 

There  may  be  some  roo6  of  diflerent  arrangements  from  any 
of  these;  but  in  general  they  may  be  nfieaud  to  one  or  other  of 
the  above  heads. 
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Jlibeelbmeoms  Remarks  on  BuSSngn  of  English  Archiifriure, 

Having  now  given  nn.  outline  m  the  detaih  of  the  diflfetvnt 
styVes^  R  remains  to  speak  of  a  few  matten*  which  coqM  not 
«o  wdl  be  previously  noticed*  As  one  style  passed  gradnaUy 
into  another,  there  will  be  here  and  there  buildings  partaking 
of  two,  and  there  are  many  bnildin^  of  this  description  whose 
dates  are  not  at  all  authenticate.  LMchfidd  catheoral  is  a  fine 
'iastanoe  of  the  gmdntion  ftom  richer  Early  English  into  Deco» 
latedy  as  are  some  of  those  delicate  raonuments,  the  crosses  of 
Edward  the  I.  and  many  of  the  Lincolnshire  spires.  Theie 
are  also  manv  bcRutiful  gradations  from  Decorated  to  Perpen- 
dicular.  Of  these,  the  choir  of  York,  and  the  upper  part  of 
the  two  (0«rerB  at  the  west  end,  and  the  remains  of  Mdrose 
abbey,  may  be  mentioned. 

Theie  is  one  building  which  deserves  especial  mention,  froni 
the  smgnlarity  of  its  character,  ornaments,  and  plan;  this 
is  Roslyn  chapel.  It  is  certainly  unclas^able  as  a  whole,  being 
unlike  any  other  building  in  Great  Britain  of  its  age,  (the 
latter  part  of  the  fiAeenth  century,)  but  if  its  details  are  mi* 
notely  examined,  they  will  be  found  to  accord  roost  completely 
in  tlie  otnaroeirtal  work  with  the  style  then  prevalent,  though 
debased  by  the  clumsioess  of  the. parts,  and  tneir  want  of  pro* 
portion  to 'each  other.  There  seems  little  doubt  that  the 
designer  was  a  foreigner,  or  at  leaft  took  some  foreign  build- 
lags  for  bis  model. 

It  will  now  be  proper  to  add  a  few  words  on  the  aHeniti<NM 
and  additions  which  most  ecclesiastical  edi&ces  have  leceived ; 
and  some  practical  remarks  as  to  judging  of  their  age.  The 
fieneral  alteration  is  that  of  windows,  which  is  very  frequent; 
very  fi!W  chorehes  are  without  some  Perpendicular  windows. 
We  may  therefore  pvetty  safely  conclude  that  a  building  is  at 
least  as  old  as  its  wmdows,  or  at  least  that  part  is  so  whicn  con« 
tains  the  windows.  But  we  can  by  no  means  say  so  with  respect 
to  doora^  which  are  often  left  much  older  than  the  rest  of  the 
bosMing. 

A  locality  of  style  may  be  observed  in  almost  every  cminty, 
and  in  the  districts  where  flint  abounds,  it  is  sometimes  almost 
impossible  to  determine  the  date  of  the  churches,  from  the  absence 
of  battiosents,  architraves,  and  buttiesses;  bot  wherever  stone  is 
wed^  tbeie  is  genendly  enough  of  indication  to  assign  each  part  lo 
its  proper  styfe,  and  with  due  regard  to  do  the  same  with  plates 
^^ ordinary  correctness,  a  little  habitual  attention  would  enable 
sisany  persons  to  jndffe  at  once,  at  the  sight  of  a  plate  or  drawing, 
of  its  correctness,  nom  its  consistency  or  the  contraiy  with  tba 
details  of  its  appaient  style. 
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Feeriiiiitlct  of  Oradm  «ad  EagKih  weliitflctiire  cootnitMl 

In  ft  sketch  like  the  present,  vhere  the  Author  is  conSoed  to 
•  eertBin  spttce,  k  is  imponible  to  notice  every  variety ;  bat  at 
IsBSt  be  now  |)reseDts  the  world,  for  the  first  time,  witb  a  m* 
tioiud  aiiapi^mettt  of  the  details  of  a  mode  of  architecture  im 
many  accoants  valaable,  and  certainly  the  most  proper  ibr 
oodoiaBlical  edifices.  Still  fuHhet  to  enable  the  remer  to 
disiiofi^ish  the  principles  of  Grecian  and  Ei^ish  architeetnre> 
he  adds  a  Sew  strikhig  contrasts,  which  are  formed  by  those 
principles  in  bniMinp  of  real  pnrity,  and  which  wHl  at  oooe 
cMiviooe  any  nnpre|adiced  mind  c^  the  impoesibiKty  of  any 
thing  like  a  good  mixture. 


Cfrccuoi* 
The  general  ranniag  lines 
are  horizontal. 

Arches  not  necessary. 


Ate  entablatnre  absolutdy 
Becesaaiy,  consisting  idwa^ 
of  two,  and  mostly  ol  three  di»* 
tinet  parts,  having  ft  close  re- 
lation to,  and  its  character  and 
ornaments  ^Idermincd  by  the 
cdnmns.  • 

The  columns  can  sapport 
nothing  but  an  entabMnre, 
and  no  arch  can  SI 
firom  a  column. 

A  flat  column  may  be  cal- 
led a  pilaster,  which  can  be 
used  as  a  column. 


The  Mch  must  spring  from 
ahoriatatal 


Colttmna  the  suf^Niiten  of 
the4mtablataiu» 


SttgSg/k: 
The  general  ruohiog  Inis^ 
are  perp^dtcidar. 

Arches  a  really  fundamental 
prmciple,  and  no  pure  Englisfc 
building  or  ornament  can  be 
oompond  without  them. 

No  such  thing  as  an  enlalH 
lature  composed  of  parts^  and 
what  is  called  a  cornice,  beam 
no  real  relation  to  the  abafla 
which  may  be  in  the 
building. 


The  shafts  can  only  sup^ 
port  an  arched  moulding,  and 
in  no  case  a  horiaontal  liim. 


Nothing  analogous  to  a  pi^ 
laster;  every  flat  ornamented 
projecting  surface,  is  either  a 
series  of  paueis,  or  a  butti 


No  horisoutal  lina  neosssu* 
ry,  and  never  any  but  the  small 
cap  of  a  tbaA. 

Shaft  bears  nethirw^  and  is 
only  ornamental,  and  the  rouad 
pier  slill  a  fkr. 


AKCHITBCniKB. 


1^ 


PecoliaritieB  of  GrMkov&d 


■rehiteeture  contrasted. 


MM 


Battresies  essentiiil   paits, 
and  stop  all  horisontal  lineB. 


Pediment  only  an  orna- 
mented-end  wall,  and  may  be 
of  almost  any  pitch. 

Openingsalmost  unlimited. 


Regularity  of  composition, 
seldom  found,  and  variety  of 
ornament  nnivenal. 

From  its  perpendicular 
lines,  may  be  carried  to  any 
practicable  height,  with  almost 
increasing  beauty* 


In  the  fan^nihg  details  vte  bare  said  noCbing  of  casteHated 
or  domestic  architecture;  because  there  dees^n^  appear  •  to  be 
any  remains  of  domestic  buildings,  so  old  aa  the  laten  period  <^ 
the  Englisb  style,  which  are  unaltered ;  and  because  the  cas*- 
teilated  remains  are  so  uncertain  in  their  dates,  and  so  much 
dilapidated  or  altered,  to  adapt  them  to  modern  modes  of  life  or. 
defence,  that  little  clear  arrangement  could  be  made,  and  a* 
caiefol  stuchr  of  ecclesiastical  arcfaitectune  will  lead  any  one, 
dssirotts  to  mrm  some  judgment  of  the  character  of  these  build* 
ings,  to  the  most  accurate  conclusions  on  the  subject  which  can 
wdl  be  obtained  in  thdr  present  state* 


Gredan* 
No  pvojeetions   like   but- 
tresses,   and    all    projections 
stopped  by  horizontal  lines. 

Arrangement  of  pediment 
fixed. 


Openings  limited  by  ibe 
propoitionsof  the  column. 

Regularity  of  composition 
on  each  side  of  a  centre  neces- 
sary. 

Cannot  farm  good  steeples, 
because  they  must  resemble  un« 
connected  buildings  piled  on 
each  other* 


DfucrifMon  of  Plait  L 
In  order  that  the  plate  may  be  kept  free  from  figuns,  which 
would  have  taken  off  ^aatly  iiom  its  good  efliMt,  a  description 
o£.what  it  contains  is  annexed  witmmt  Mten  of  reference* 
And  it  may  be  necessary  io  state^  that  in  order  to  eomprin  as 
mach  as  possible  of  the  different  styles  in  a  small  space,  there 
has  been  an  unavoidable  departure  from  the  lelative  pnopoitioii' 
of  ^arte  tp  sereml  instances,  but  not  toismy*  very  ^reat  extent. 
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DcMtiplion  of  plate  fint. 


WM 


The  upper  part  of  the  plate  contains  uxteen  detached  speci- 
mensy  which)  beginning  at  the  left  hand  at  the  top^  ate  as 
follow : 

Ist,  The  plain  semi-circular  arch. 

Sod,  The  segmental  arch. 

3rd,  The  equilateral  arch. 

4tb,.  The  drop  ajrch. 

5th,  Tbe.lancet  arch. 

6th,  The  horse-sboe  arch. 

7tb,  The  ogee  or  contrasted  arch. 

^,  The  four-centred  or  Tudar  atch. 

9th,  A  plain  circular  trefoil  window,    with  ornamented 

points. 

10th,  A  plain  Irefoil. window  head. 

11th,  A  triangular-pannel  feathered  in  three  divisions,  each 
of  which  is  again  feathered. 

18th,  The  straight-headed  cinqu^foil,  so  much  «sed  ia  small 
tiaceiy  of  windows,  in  the  eastern  part  of  the  kingdom. 

Idth,  A  plain  circular  quatrefoil  window. 

14th,  The  usual  mode  of  cinquefoiling  an  ogee  head,  and 
its  insertion  in  a  transom. 

12th,  A  veiy  beautiful  mode  of  doaide  ftalkeriag  a  canqne* 
foil,  from  the  east  window  at  York. 

16th,  A  plain  circular  cinquefiul  window. 

The  lower  design  is  divided  by  buttiesses  into  three  oom- 
partments,  of  whidi  the  lower  pivt  of  the  eeatce  contains  two 
Norman  windows,  one  with  shafts^  the  other  with  the  zigxag 
moulding,  and  having  between  them  a  Norman  buttress  and  a* 
Norman  cornice  over  them.  The  upper  part.of  this  compart** 
ment  is  Early  English,  haying  three  windows:  with  shafts  divided 
by  bands,  auid  resting  on  a  tablet.  The  pediment  has  a  pn^ 
jecting  parapet  with  a  cornice  moulding  ^nder  it,  and  m- 
cap  moulding  above.  This  parapet  is  oraamenled  with  sunk 
quatrefoils. 

The  left  hand  coropaitmeat,  and  its  two  buttresses,  are 
Decorated  English.  The  window  of  flowing  tracery  is  of  the 
style  of  that  in  the  west  end  of  Newark,  but  much  of  its 
delicate  small  bmatteots  are  obliged  to  be  omitted,  on  accdunt 
of  its  siae.  The  canopy  is  exacml  at  Chester  cathedral.  Tiie 
ooniice  is  the-  oidinary  Deoortfted  oomioe  with  flowers.  The 
battlement  is  that  of  the  nave  of  York  miiister.  The  ptnnaclea- 
are  of  the  description  venr  common  in  the  west  of  Engiand^ 
with  square  baMs  and  mall  baMlemests. 

The  right-hand  compartment  oontaias  a  parpendicolat 
window  of  fife  lights  in  a  four-centied  ardi|  witli  a  docketed 
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ogee  canopy.  It  is  divided  by  a  transom,  and  has  the  transom 
moulding  battlemenled.  This  window  is  of  simple  construc- 
tion, and  is  executed  with  slight  variations  in  various  parts. 

The  cornice  is  that  of  the  «ipper  roof  of  the  Abbey  church  at 
Bttth,  and  the  battlements  are  also  taken  from  thence;  but  from 
the  small  siae^  the  plate,  both  are  oMtged  to  be  much  simplified 
08  to  their  mouldings.  The  pinnacles  are  the  ordinat7  pinoaclefr 
of  this  st  vie. 

Plate  il.  aflS:>rd8  an  example  of  the  square^eaded  door  of  the 
Perpendicular  style ;  it  has  a  shaft  supporting  the  inner  moulds 
ins:  of  the  arch,  and  another  supporting  the  exterior  mouldings, 
%ni<4i  forms  abo  the  square,  and  both  are  include  in  a  hollow 
ttoulding.  'I^he  dripstone  is  nearly  the  most  frequHit  plain 
dripstone,  and  the  cornice  show^  the  eflbct  of  the  introductioA 
tof  flowets. 

Plates  of  almost  all  the  buildintfs  mentiMed  in  this  sketch, 
may  be  found  in  one  br  other  of  tlie  ftriiowing  works,  which  all 
contain  plattt  of  good  ctmrncter,  though  of  conrse  petbaps  not 
all  of  equal  correctness  in  drawing  the  detafb : 

The  Cathedrals,  ftc  publistied  by  the  Society  of  Antiqikarietf. 

Carter's  Ancient  ArpnileeCure, 

King's  Munimenta  Ant$qaa, 

Hal^nny's  Engravings  of  York  Minster, 

Bndkler^fi  Views  of  the  Cathedrals, 

Britton*s  Architectural  Antiquities,  ^ 

Storer  and  Oreig*s  illustrations  of  Pennant's  London, 

— *— — ^— —  Antiquarian  and  Topographical  G&binct, 

Ancient  Relics, 

Lyson*8  Magna  Britannica, 

Britton  and  Brayley's  Beauties  of  England^ 

Arcbftologia, 

Chalmer's  History  of  Oxford. 
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Five  orden  of  Orccuui  architecture  diitingnithad. 


GnscijN  Abcuitkcturm* 

The  many  valuable  treatises  and  excellent  delineations  of 
Che  Grecian  and  Roman  buildings^  and  the  details  of  their 
parts,  will  render  unnecessary  that  minuteness  in  this  dissertation 
which,  from  the  total  absence  of  a  preyioiis  system,  it  became 
necessary  fo  adopt  in  the  description  of  the  English  styles. 
But  in  this'&ketch  something  of  a  similar  plan  will  be  followed^ 
first  giving  the  name  and  grand  distinctions  of  the  orders,  then 
describing  the  terms  and  names  of  parts  necessary  for  those  who 
have  not  paid  attention  to  the  suoject  to  undeistand,  and  a 
concise  description  of  each  order  will  follow ;  but  from  the 
diversity  of  judgment  prevailing,  it  will  be  most  proper  tp 
leave  the  reader  tu  select  his  own  examples,  as  in  thu  country 
we  have  not,  as  in  the  English  architecture,  the  originals  lo 
study,  but  a  variety  of  copies,  adapted  to  the  climate  and  the 
convenience  of  mouem  times. 

In  dividing  the  Grecian  and  Roman  architecture,  the  word 
order  is  used,  and  much  more  propedy  than  style ;  the  English 
st vies  regarded  not  a  few  parts,  but  the  composition  of  the 
whole  building,  but  a  Grecian  building  is  denominated  Doric 
or  Ionic,  merely  from  its  ornaments;  and  the  number  of 
columns,  windows,  &c.  may  be  the  same  in  either  order,  only 
varied  in  proportion. 

The  orders  are  generally  omsidered  to  be  five,  and  are  osnally 
enumerated  as  follows : 

Tuscan,  of  which  the  usual  height  of  thecolumn  is  7  diam**. 

Doric,  „  8 

Ionic,  „  9 

Corinthian,  „  10 

Composite,  „  10 

Their  origin  will  be  treated  of  hereafter.  Their  prominent 
distinct  bus  are  as  follow; 

The  Tuscan  is  quite  plain,  without  any  ornament  whatever. 

The  Doric  b  distinguished  by  the  channels  and  projecting 
btervals  in  the  frieze,  called  irig/yphs* 

The  lomc  by  the  ornaments  of  its  capital,  which  are  spiral, 
and  are  called  voluies. 

The  Corwikim  by  the  superior  height  of  its  capital,  and  its 
being  ornamented  with  leaves,  which  support  very  small 
volutes. 

The  Cotnpoiiie  has  also  a  tall  capital  with  leaves,  but  is  dis- 
tin^ubhcd  from  the  Corinthian  by  having  the  large  volutes  of 
the  Ionic  capital. 
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DivisiOB  of  ■  complete  order. 


A  complete  older  is  divisible  into  three  grand  divisions^ 
ivhicb  are  occasionally  executed  separatelj,  viz. 

Therolumtif  including  its  base  and  capital, 

The  ptdefial,  which  supports  the  column, 

The  entahlaiure^  or  part  above  and  supported  by  the  column. 

These  are  again  eacn  subdivided  into  Ifirre  parts. 

The  pedest'il  into  base  or  lower  mouldtn|g:s ;  dado  or  cftV, 
the  plain  central  space,  and  surbase  or  upper  mouldings. 

The  column  into  base  or  lower  mouldings,  shaft  or  central 
plain  space,  and  capital^  or  upper  mouldings. 

The  entablature^  into  arckitravej  tit  part  immediately  above 
the  column ;  frieze  or  central  flat  space,  and  cornice  or  upper 
projecting  mouldings. 

These  parts  may  be  again  divided  thus:  the  lower  portions, 
viz.  thebaseof  pedestal,  base  of  column,  and  architrave,  divide 
each  into  two  parts ;  the  iirst  and  second  into  plinth  and  mould- 
ings, the  thircl  into  face  or  feces,  and  upper  moulding  or  tenia. 

Each  cfitfro/ portion,  as  dado  of  pedestal,  shaft  of  column, 
and  frieze,  is  undivided. 

Each  upper  portion,  as  surbase  of  pedestal,  capital  of 
column,  cornice  of  entablature,  divides  into  three  parts :  the  first 
into  bedmouldj  or  the  part  under  the  corona;  corona,  or  plain 
iace ;  and  rymatiunt  or  upper  moulding. 

The  capital^  into  necK,  or  part  below  the  ovolo;  ovolo  or 
projecting  round  moulding,  and  abacus  or  tikj  the  flat  upper 
moulding,  mostly  nearly  scjuare.  These  divisions  of  the 
capital,  nowever,  are  less  distinct  than  those  of  the  other 
parts. 

The  eortiiee  into  hedmouldj  or  part  below  the  corona; 
corona^  or  flat  projecting  face;  cymatiumy  or  moulding  above 
the  corona. 

Besides  these  general  divisions,  it  will  be  proper  to  notice  a 
few  terms  often  made  use  of.  The  ornamental  moulding  run- 
ning round  an  arch,  or  nmnd  doors  and  windows,  is  caUed  an 
urchiirave* 

An  ornamental  moulding  for  an  aicb  to  spring  from,  is 
called  an  impost. 

The  stone  at  the  top  of  an  arch,  which  often  projects,  is 
called  a  key^sUme. 

The  small  brackets  under  the  corona  in  the  cornices,  are 
called  muiukf  or  modiUhms;  if  they  are  square,  or  lon^r  in 
front  than  in  depth ,  they  are  called  mutules^  and  are  used  in  the 
Doric  Older.  If  they  are  lest  in  front  than  their  depth,  they 
are  called  mpdUUons^  and  in  the  Corinthian  otAtt  have  carved 
leaves  spread  under  them. 
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A  irtas  is  a  modillion  enbr^,  and  placed  flat  ajE>aiiist  a 
valU  often  used  ta  support  the  cornice  of  doors  and  windows.  . 

A  console  is  an  ornament  like  a  truss  earred  on  a  key-stone. 

Trusses,  wlien  used  under  modiUioos  in  the  fricie,  are  called 
emia/ivers. 

The  space  under  the  corona  of  the  comiee^  is  called  a 
sojiiy  as  is  also  the  under  side  of  an  alch. 

DeniUs  are  omamenta  used  in  the  bedmmld  of  cornices; 
Ibev  are  parts  of  a  small  flat  fiioe,  which  is  cut  perpendicularly, 
and  small  interrals  left  between  each.    . 

A  flat  cokimn  is  called  a  mloHer;  and  those  which  aie  used 
with  columns,  and  have  a  different  capiMil,  are  called  wtim^ 

A  small  hei^^ht  of  pannelling  above  the  cornice,  is  called  an 
ollfV,  and  in  these  pannels,  and  sometinies  in  other  parts,  are 
introduced  small  pillars,  swelling  towards  the  bottom,  called 
balusiresj  and  aseries  of  them  a  balustrade. 

If  the  joints  of  the  masonry  are  channelled,  the  work  ia 
called  rusUcj  which  is  often  used  as  a  biMement  for  an  order. 

Columns  are  sometimes  ornamented  by  channeb,  which  aie 
called  Jlutes.  These  channds  are  sometimes  partly  filled  by  a 
lesser  round  moulding,  this  is  called  cablmg  the  flutes. 

For  the  better  understanding  the  description  to  be  given  of 
the  orders,  it  will  be  proper  first  io  notios  toe  difleient  monld« 
ings  which  by  diflferenft  combinations  form  their  parts. 

Themoft  simple  mouldings  ve,  1st,  the  Ooofc,  orquailev 
sound,  see  pL  III,  fig.  1. 

Snd,  The  caoeUo^  or  hollow,  fig.  i. 

Srd,  The  torus^  ox  round,  fig.  3. 

From  the  composition  of  these  are  formed  divers  others,  and 
from  the  anangement  of  them,  with  pbuo  flat  spaces  between, 
are  formed  cornices  and  other  ornaments.  A  large  flat  space  ia 
called  a  corona  if  in  the  cornice;  a  fascia  in  the  architrave;  and 
the  frieze  itself  is  only  a  flat  space.  A  small  flat  &ce  is  called 
w^JiUei^  and  is  interposed  between  mouldings  io  divide  than. 

A  fillet  is,  in  the  bases  of  columns  and  some  other  pnrts^ 
joined  to  a  face,  or  to  the  colunui  itself  by  a  small  hollow,  then 
called  opophygesy  fig.  4. 

The  torus,  when  very  small,  becomes  an  mtiragalj  which 
projects,  fig.  5;  or  a  bead^  which  does  not  project,  fig.  6, 
Mo.  i>  2. 

Compound  mouldings  aie,  the  cpma  r^tia^  wbidi  has  tiio 
boHow  uppermost  and  prcqeding,  fig.  7. 

The  ryma  rtver$ay  or  ogttf  which  has  theronnd  nppemoel 
wd  projecting,  fig.  8. 
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Thft  9€oUa ;  which  is  foroied  of  two  hollows,  one  over  Ibe 
other,  and  of  different  centres,  fig.  9. 

In  the  Roman  works,  the  monldings  are  generally  worked 
of  eoual  proyiection  to  the  height,  and  not  bolder  than  the  above 
negular  forms ;  but  the  Grecian  mouldings  are  often  bolder,  and 
worked  with  a  small  return  technically  called  a  quirky  and  these 
are  of  various  proportions. 

The  ogee  and  ovolo  are  most  generally  used  as  represented 
by  fig.  JO  and  11. 

Several  beads  placed  together^  or  sunk  in  a  flat  face,  are 
called  reedings,  see  fig.  12. 

All  tliese  mottldings,  except  the  fillet,  may  be  occasioaally 
carved,  and  they  are  then  called  enriched  mouiSng$* 

Frctm  these  few  simple  forms,  by  adding  astragals  and 
fillets,  and  combining  differently  mrnamented  mouldings,  facesr 
and  soffits,  are  all  the  corniceat  panaeis,  &c«  formed,  and  the 
modem  compositions  in  joioeis'  work)  &e*  are  r^  numeioas, 
Bod  too  well  known  to  need  "      "^^ 


Tuscan  Order. 

Though  this  is  not,  perhaps,  the  most  an^imit  of  the  orders, 
yet,  from  its  plainness  and  siropUcity,  it  is  usually  first  noticed. 
Its  origin  is  evidently  Italian,  foi  the  Grecian  work,  however 
plain,  has  still  some  of  the  distinctive  marks  of  massive  Doric, 
wbikt  the  Tuscan  always  beam  clear  marka  of  its  analogy  to 
the  Roman  Doric* 

The  pedestal,  when  used,  is  very  plain,  but  it  is  more  often 
set  on  a  plain  square  Mock  plinth,  wluch  suits  the  character  of 
the  order  better  than  the  higher  pedestal.  This  block  projectt 
about  half  the  height  of  the  plinth  of  the  base  beyond  its 
iace. 

The  column,  including  the  base  and  capital,  b  about  seven 
diameters  high.  The  column,  in  this,  ana  indeed  in  all  the 
orders,  is  diminished  the  upper  two-tbirda  of  its  height,  so 
that  the  diameter  under  the  neck  c^  the  capital  is  from  one-sixth 
to  one-fourth  less  than  that  jnat  above  the  base.  This  dimintt* 
tion  is  not  conical,  but  bounded  by  a  curved  line,  which  is 
variously  determined,  but  does  not  difler  much  from  what  an 
even  spring  would  assume,  if  one  part  of  it  were  bound,  in  the 
direction  of  the  %%m  of  the  shaft,  to  the  cylindrical  third,  and 
then,  by  preasure  at  the  top  only,  bnmght  to  the  diminishing 
point. 

The  Tiiacan  base  is  half  a  diameter  in  height,  and  consists 
of  a  plain  torus  with  a  fillet  and  apophyges,  which  bist  is  pfirt 
of  the  shaft,  and  not  of  the  base,  as  indeed  all  apophygs  are 
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eoQsidefed  to  be;  and  also  all  the  astragals  undenwath  the 
capitals,  as  well  as  the  upper  fillet  of  the  base  in  all  the  richer 
orders,  and  in  masonry  should  be  executed  on  the  shaft  stones. 

The  capital  of  the  Tuscan  order  is  (exclusive  of  the  astra- 
sal)  half  a  diampter  in  height,  and  consists  of  a  neck  on  which 
18  an  ovolo  and  fiUei,  joined  to  the  neck  by  an  apophygi^,  and 
over  the  ovolo  a  square  tile,  which  is  ornamented  by  a  projecting 
iillet. 

The  shaft  of  this  order  is  never  fluted,  but  some  architects 
have  given  to  this  older,  and  some  have  even  added  to  the 
ridier  orders,  an  ornament  (if  so  it  may  be  called)  of  large 
square  blocks  as  parts  of  the  shaft,  which  are  called  rustications, 
and  are  sometimes  roughened. 

The  Tuscan  entablature  should  be  f|uite  plain,  having 
neither  mutules  nor  roodillions.  The  architrave  has  one  or  some- 
times two  faces,  and  a  fillet ;  the  frieae  quite  plain,  and  the 
cornice  consisting  of  a  plain  cyma  recta  for  cymatiuro,  and  the 
corona  with  a  pbin  fillet,  and  snmll  channel  for  drip  in  the 
soflM.  The  bedmould  should  consist  of  an  ovolo  mlet  and 
cavetto. 

This  Tuscan  is  that  of  Palfaidio;  some  other  Italian  architects 
have  varied  in  patts,  and  some  have  given  a  sort  of  block 
modtllions  like  those  used  in  Covent  Graraeo  church,  but  these 
are  of  wood,  and  ought  not  to  be  imitated  in  stone. 

This  order  is 'little  used,  and  will  roost  likely,  in  future,  be 
still  less  so,  as  the  massive  Grecian  Doric  is  an  order  equally 
manageable,  and  far  more  elegant. 

Having  explained  the  parts  of  one  order,  it  will  be  necessaiy 
to  make  a  few  remarks,  wnich  could  not  so  well  be  previously 
introduced.  If  pilasters  and  oolumna  are  used  toeether,  and 
they  are  of  the  same  character,  and  not  antse,  the  pilasters 
dMwId  be  diminished  like  the  columns;  but  where  pilasters  are 
used  alone,  the^  may  be  undiminished. 

The  moulding  under  the  cymatium,  which,  in  rich  ofders, 
is  often  an  ogee,  is  pirt  of  the  corona,  and  as  such  is  continued 
over  the  corona  in  the  horizontal  line  of  pediments,  where  the 
cymatium  is  omitted ;  and  b  also  continued  with  the  corona  in 
interior  work,  where  the  cynatium  is  often  with  propriety 
omitted. 

In  pediments^  whose  cornices  contain  mutules,  modillions, 
tMr  dentils,  thoae  m  the  rakine  cornioe  must  be  placed  perpen* 
dicularly  over  thoae  in  the  lioriaontal  cornice,  and  their  stdea 
muit  be  perpendiculari  thoogh  their  under  puts  have  the  sake 
of  the  cornioe. 
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Doric  Order. 
The  ancieDt  Grecian  Doric  appears  to  have  been  an  order  of 
peculiar  nobility,  simple  and  bold,  its  ornainents  were  the 
remains  of  real  utility,  and  perhaps  originally  it  was  worked 
with  no  moulding  but  the  cymatium,  to  cover  the  ends  of  the 
tiles,  its  triglypns  being  the  ends  of  the  beams,  and  its  mutules 
those  of  the  rafters.  In  after  times  its  proportions  were  made 
rather  less  massive,  and  its  mouldings  and  ornaments,  thoueh 
not  numerous,  were  very  beautiful.  The  Romans  considerably 
altered  this  older,  and  by  the  regulations  Ihey  introduced,  ren- 
dered it  peculiarly  difficult  to  execute  on  large  buildings.  As 
the  examples  oi  the  two  countries  are  very  difierent,  we  shall 
treat  of  them  separately,  and  first  therefore  of  the 

Grecian  Doric. 

The  columns  of  this  order  were,  in  Greece,  generally  placed 
on  the  floor,  without  pedestal  and  without  biue ;  the  capital, 
which  occupied  a  height  of  about  half  a  diameter,  had  no  astragal, 
but  a  few  main  fillets,  with  channels  between  them,  under  the 
ovolo,  and  sometimes  a  small  channel  under  the  fillets.  The 
ovolo  is  generally  flat,  and  of  great  projection,  with  a  quirk  or 
return.  On  this  was  laid  the  abacus,  which  was  only  a  plain 
tile,  without  fillet  or  ornament. 

IntHe  division  of  the  entablature,  the  architrave  and  frieze 
have  each  more  than  a  third  in  height,  and  the  cornice  less. 
The  architrave  has  only  a  pUin  broad  fill^,  luder  which  are 
placed  the  drops  or  gutlss,  which  appear  to  hang  firom  the  tri- 
glyphs. 

The  triglyph,  in  Greece,  appears  io  have  been  ec»eran^ 
placed  at  tne  angle,  thus  bringing  the  interior  edge  of  the  tn« 
glyph  over  the  centre  of  the  aiu^ihir  column.  The  metope,  or 
spu^e  between  the  triglyphs,  being  the.  square  of  the  height  of 
tne  frieze,  and  a  mutub  was  placed  not  only  over  each  ^lyphy 
but  also  over  each  metope,  and  it  appears  probable  that  the 
trifflypbs  were  often  omitted,  except  over  tne  centre  of  each 
column,  and  at  the  angle,  and  hence  the  order  would  be  easUj 
worked  at  any  desirable  intercolumniation.  The  cornice  of  thu 
order,  in  Grreece,  consisted  of  a  plain  fiice,  under  the  mutnle, 
which  was  measured  as  part  of  the  friesBe,  and  then  the  mutule, 
which  projected  sloping  forward  under  the  corona,  so  that  the 
bottom  of  the  mutule  in  front  was  considerably  lower  than  at 
the  back,  where,  in  some  examples,  an  ogee  is  placed  under 
the  mutule.  Over  the  corona  was  commonly  a  small  ovolo  and 
fiUet^  and  then  a  larger  ovolo  and  fillet  for  the  cymatium. 
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The  omaments  of  this  order,  in  Gftece,  woe,  1st,  the  flirt- 
ings of  the  column,  which  are  peculiar  to  the  order,  and  are 
twmtj  in  miBber,  shalhm,  and  not  wMi  fillets  between  them, 
iNil  sharp  edges.  These  ikHcB  are  mudi  las  than  a  semicircle, 
and  should  be  elliptic 

M,  At  the  comer,  in  the  space  formed  in  the  soffit  of  the 
corona,  by  the  interval  bctnccn  the  two  angular  nratules,  was 
sometimes  placed  a  flower,  and  the  cyroitiam  of  the  cornice 
had  lions*  neads,  which  appear  to  have  been  real  sponts. 

Sd,  In  addition  to  the  arops  under  the  triglyph,  themutales 
also  hare  serenil  rows  of  drops  of  the  same  shape  and  size. 

This  Older  appears  in  g^eml  to  hate  been  worked  Terr 
massive,  the  best  examples  are  about  six  diameters  high,  which 
is  lower  than  the  Italians  usuiAy  worked  the  Tuscan;  but  this 
gave  peculiar  nobility  to  the  temples  in  which  it  is  thus  employ- 
ed It  does  not  appear  that  a  pedestal  was  used  in  Greece  with 
this  order. 

KotiiOH  Doftc* 

Thisdifli?rB  fmm  the  Oreeian  in  several  important  patticu- 
hfi,  which  will  appear  from  the  foNowtng*  rules,  jfirom  th6 
strictness  of  which  follows  that  extreme  difficulty  of  execution 
which  has  been  so  oflen  complained  of  in  this  orderi  Jst.  The 
triglyphs  must  be  precisely  over  the  centre  of  the  columns. 
9d,  the  metopes  must  be  exact  squares ;  dd,  the  motuies  also 
must  be  exact  squares* 

As,  therefore,  the  intercolumniation  must  be  of  a  certain 
number  of  trigljrphs,  it  wiH  be  easily  conceived  how  difficult  it 
irill  be,  in  large  buildings,  where  a  triglyph  is  several  fost,  to 
accommodate  this  order  to  the  mtermd  arrangements. 

The  Roman  Doric  is  sometimes  set  on  a  plinth,  am)  some* 
times  on  a  pedestal,  which  should  be  of  few  and  plain  mould* 
ifigs.  The  oases  usually  empk^ed,  me  either  the  attic  base  of 
a  pUnth,  lower  torus,  scotia,  and  upper  torus,  with  fillets 
between  them,  or  the  proper  base  of  one  torus  and  an  astragal ; 
or,  in  some  instances,  or  a  pKnth  and  simple  fillet.  The  shaft, 
including  the  base  and  capttal,  each  of  wuich  is  half  a  diame- 
ter, is  generally  ei^ht  dimneters  high,  and  is  fluted  like  the 
Orrcian.  The  capital  has  an  astmgtu  and  neck  under  the  ovolo, 
which  has  sometimes  three  small  fillets  projecting  over  each 
other,  and  aometimes  another  astragal  and  fillet.  The  ovolo 
shook]  be  a  true  quarter  round.  The  abacus  has  a  small  ogee 
aiKl  flilct  on  its  upper  edge. 

The  architrave  has  Ins  height  than  the  Grecian,  being  on^ 
twi^thifds  of  the  flfieze,  wfaioh  is  equal  in  height  to  the  cornice. 
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In  a  few  iastances  the  arcbitrave  lias  two  flures,  but  moMy  oqly 


The  friese  has  nothing  peculiar  to  this  mode;  if  plain,  it^ 
melmesbein^,  as  before  observed,  square. 

The  cornice  difos  much  from  the  Grecian,  having  its  soffit 
flat,  aiid  the  mntules  square,  with  a  souare  interval  between 
them.  The  Grecian  drops  in  the  mutules  genemlly  appear  in 
iront,  below  the  mutnles;  but  the  Ronwin  dp  not,  and  are 
sometimes  omitted. 

The  cjmatium  is  often  a  cavetto,  with  an  ogee  under  it, 
and  sometimes  a  cyma  recta.  The  mntules  have  a  small  ogee, 
which  runs  round  them,  and  also,  round  the  face  they  are 
formed  of;  and  under  the  rautuies  are  an  ovolo  iind  small  fillet, 
and  the  flat  fillet  which  runs  round  the  top  of  the  trigly  pbs  here 
belongs  to  the  cornice,  and  not,  as  in  the  Grecian,   to  thu 


In  some  instances,  dentils  appear  to  have  been  usejj  in  tiie 
Doric  cornice  at  Rome,  but  there  are  not  many  examples  of 
this  practice. 

The  Roman  Doric  b  susceptible  of  much  ornament,  fo^  in 
addition  to  the  flutes,  the  gutttt  of  the  triglyph**  t^nd  the  roses 
in  the  soffit  of  the  corona,  the  neck  of  the  capital  has  sometimes 
eight  flowers  or  husks  placed  round  it,  the  ovolo  carved,  and  the 
metopes  in  the  frieae  filled  with  alternate  ox  skulls  and  patersB, 
or  other  ornaments.  In  interior  decorations,  sometimes  one  or 
two  of  the  mpuldinn  of  the  cornice  are  enriched ;  but  with  all 
this  ornament,  the  Roman  Doric  is  for  inferior,  in  real  beauty, 
lo  the  Grecian. 

lame  Order* 
As  the  Greeks  and  Romans  diflered  much  in  their  inodes  of 
working  the  Doric  order,  so  there  was  considerable  diffisrence  in 
their  execution  of  the  Ionic,  thojogh  by  no  means  so  great  as  in 
the  former. 

The  distinguishing  feature  of  this  order  is  the  capitiil,  which 
has  four  spiral  projections  called  volutes.  These  in  Greece 
were  placed  flat  on  the  front  and  back  of  the  column,  leaving 
the  two  sides  of  a  diflerent  character,  and  forming  a  hnlustre; 
but  this  at  the  external  angle  producing  a  clisHgreeable  eflect, 
an  angular  volute  was  sometimes  placed  there,  showing  two 
vidlutes  to  each  exterior  face,  and  a  balusf  re  to  each  interior ; 
but  this  not  forming  a  good  combination,  a  capital  was  invented 
with  four  angular  volutes,  and  the  abaciw  with  its  side«  hol- 
lowed out.  Thb  is  called  the  modem  Ionic  capital.  In  the 
mcknij  the  list  or  HMial  line  of  the  Tobite  runs  afong  the  (ace 
«.  Yot..  I.  8  A 
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of  thtf  abacus,  stniglit  mid€r  the  ogee;  but  in  the  modern^  thte 
list  springs  from  behind  the  ovolo,  and  in  the  hollow  of  the 
abacus,  which  is  an  ovolo  fillet  and  cavetto,  is  generally  placed 
a  flower. 

The  Ionic  shaft,  including  the  base,  which  is  half  a  diame- 
ter, and  the  capital  to  the  oottom  of  the  Tolute  generally  a 
little  more,  is  nine  diameters  high. 

The  pedestal  h  a  little  taller  and  more  ornamented  than  the 
Doric. 

The  bases  used  to  this  order  are  Tery  Tarious;  some  of  the 
Grecian  examples  are  of  one  torus  and  two  scotia,  with  astra* 
gals  and  fillets ;  others  of  two  large  tori  and  a  scotia  of  smalt 
projection ;  but  the  attic!  blise  is  very  often  used,  and  with  an 
astragal  added  above  the  upper  tonis^  makes  t  beauttfal  and 
appropriate  base  for  the  loriic. 

The  cornices  of  this  order  may  be  divided  into  three  divi-' 
sions;  1st,  the  plain  Grecian  cornice;  Snd,  the  dentil  cornice} 
Sd,  the  modillion  cornice. 

In  the  first,  the  architrave  is  often  of  one  fiux,  the  friesse 
plaip,  and  the  cornice  composed  of  a  corona  with  a  deep  soflit, 
and  the  bedmould  moulding  hidden  by  the  drip  of  thesdffit,  or 
coming  very  little  below  it^  and  sometimes  with  a  plain  dentil  set 
close  under  tile  corona.  The  cy  matium  generally  a  eyma  recta, 
and  ogee  under  it. 

In  the  second,  which  was  mostly  Used  with  the  ancienl 
capital  at  Rome,  has  genemlly  two  faces  in  the  architrave,  and 
the  cornice,  which  is  rather  more  than  one-third  of  the  height 
of  the  entablature,  has  a  corona  with  a  cyma  recta  and  ogee  (at 
cymatium,  and  for  bedmould  a  dentil  face  between  an  ovolo 
and  ocee.    The  soffit  of  the  corona  sometimes  ornamented. 

The  third,  or  modillion  entablature,  has  the  same  archttiave, 
frieie,  and  cymatium  of  its  cornice  as  the  last,  but  under  the 
soflit  of  the  corona  are  {daoed  modillions,  which  are  plain  and 
surrounded  by  a  small  ogee;  one  must  be  placed  over  the  centre 
of  each  oriomn,  and  one  being  close  io  the  return  makes  a 
square  pannel  in  the  soffit  at  the  comer,  and  between  ea«h 
modillion,  which  is  often  filled  with  a  flower.  The  bedmould 
below  is  generallv  an  ovolo  fillet  and  cavetto. 

It  was  once  the  custom  to  work  the  Ionic  frieie  projectuuc 
like  a  torus,  thus  giving  an  awkward  weight  to  an  oroer  which 
ought  to  be  light.  The  introduction  of  good  Grecian  modeb 
has  driven  out  this  impropriety,  and  much  improved  the 
present  execution  of  the  oraer,  which  b  very  beautiful,  if  well 
executed. 

The  Ionic  shaft  may  be  fluted  in  twenty-ibur  flutes,  with 
fOlets  between  them;  these  flqtes  are  semi^circular.    This  order 
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may  be  much  arnamente4  if  nece^ary,  by  canring  the  ovolo  of 
the  capital,  the  ogee  of  the  abacas,  and  one  or  two  mouldings 
of  both  architrave  and  cornice ;  but  the  ancient  lonip  witt  took 
exitremdy  ivell  without  any  ornament  whatever, 

Corinthian  Order ^ 
This  order  originated  in  Greece,  and  the  capital  is  said  to 
have  been  suggested  by  observing  a  tile  placed  on  a  basket  left 
in  a  garden,  and  round  which  sprung  up  an  acanthus.    All  the 
other  orders  have,  in  various  countries  and  situations,  mock 
:rariety ;  but  the  Corinthian,  though  not  without  slight  varialiohb 
even  in  the  antique,  is  much  more  settted  in  its  proportions,  and 
its  fvw^  or  less  enrichment  is  the  principal  source  of  variety. 
.      The  capital  is  the  great  distinction  ot  this  order,  its  height 
is  mote  than  a  diameter,  and  consists  of  an  astragal,  fillet  and 
apophyges,  all  which  are  measured  with  the  shaft,  then  a  bell 
and  honied  abacus.      The  bell  is  set  round  with  two  rows 
of  leaves,  eight  in  each  row,  and  a  third  row  df  leaves  sup* 
port  eight  small  open  volutes,  four  of  which  are  under  toe 
four  horns  of   the  abacus,    and  the  other  four,    which    are 
often  interwoven,  are  under  the  central  recessed  part  of  the 
abacQs,   and   have  over  them   a  flower  or  other   omanient. 
These  voUitos  spring  out  of  small  twisted  husks  placed  between 
the  leaves  of  the  second  row,  and  which  are  called  cauKtoks. 
The  abacas  consists  erf*  an  ovolo,  filtet,  and  cavetio,  like  the 
modem  Ionic.      There  are  various  modes  of  indenting  the 
leaves,  which  are  called,  from  these  variations,  acanthusj  ofifpe, 
ftc«    The  /Qplumn,  including  the  base  of  half  a  diameter,  and 
the  capital,  is  ten  diameters  high. 

If  a  pedestal  is  used,  it  should  have  several  mouldings,  some 
of  which  may,  if  necessary,  be  enriched.  The  base  may  be  either 
an  attic  bsse,  or  with  the  addition  of  three  astragals,.oneover  each 
torus,  and  one  between  the  scotia  and  upper  torus;  or  a  base  of 
two  tori  and  two  scotiie,  which  are  divided  by  two  astramls :  one 
or  two  other  varieties  are  sometime^,  butnotcrflen,  used. 

The  entablatare  of  this  order  is  Ytrj  fine.  The  architrave 
has  mostly  two  or  three  faces,  which  have  genertUly  small  ogees 
or  beads  between  them. 

The  frieie  is  flat,  but  is  often  joined  to  the  upper  fiUet  of 
the  architiave  by  an  apophyges. 

The  cornice  has  both  mraillions  and  dentils,  and  is  usuidly 
thus  composed ;  above  the  corona  is  a  cj^roatium,  and  small 
ogee;  uuter  it  the  modillions,  whose  disposition,  like  the  lonicf 
most  be  one  over  the  centre  of  the  column,  and  one  close  to  the 
retara  of  the  cornice. 
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Tlieifr  nodiniODS  aie  canred  wttb  a  imall  balasCre  Aroni,  and 
a  leaf  lUMler  ttieni ;  they  aie  sarroondcd  a4  the  opper  pait  bj  a 
«iall  ofet  and  fillet,  which  akonuis  roond  the  race  tnev  tpriiig 
fvoni.  Under  the  modiUiona  is  placed  an  ovdo,  and  then  a 
fillet  and  the  dentil  face,  which  is  often  left  nncut  in  exterior 
work.  Under  the  dentib  are  a  fillet  and  ogee.  In  some  cases 
this  order  is  pioperlor  worked  with  a  plain  cornice,  omitting  the 
nMNfillioosi  and  leaTins:  the  dentil  fiice  nncnt* 

The  enrichments  of  this  order  may  be  Tory  considenMe, 
some  oi'  the  monldinaB  of  the  pedestal  and  base  may  be  enriched^ 
The  shaft  may  be  flnted  as  the  Ionic,  in  twenty-fimr  finte^ 
which  may  be  filled  one-third  high  b^  ataTOs,  which  is  called 
cabbtg  the  flutes.  The  small  mooUuigs  of  the  architimTe,  and 
c?en  some  of  its  fiioes,  and  several  ramildings  of  the  cornice, 
be  enriched ;  the  sqnam  in  the  sofiit  of  the  corona  pan* 
d  and  flowered,  and  the  frieie  may  be  adorned  with  carv^ 
ings.  fint  though  the  older  will  bear  all  this  ornament  withoot 
oferlonding  it,  yet,  for  ezterion,  it  seldom  looks  better  than 
when  the  capitab  and  the  modillioos  are  the  only  carringst 
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Tke  ComporiU  Order. 

The  Romans  formed  this  order  by  mixing  the  Corinthiaii 
and  Ionic  capitals ;  like  the  Corinthian,  the  capital  is  its  prin- 
cipal distinction.  This  is  of  the  same  height  as  the  Corintnian, 
and  it  is  fermed  by  setting,  on  the  two  lower  rows  of  kaves  of 
the  Corinthian  capital,  toe  modem  Ionic  rolutes,  o?olo,  and 
abacus.  The  small  space  left  of  the  belt  is  filled  by  caolicoles, 
with  flowers,  and  the  of^ier  list  of  the  volute  is  often 
flowered* 

The  cdnmn  is  of  the  same  height  as  the  Corinthian,  and  the 
pedestal  and  base  differ  very  little  from  those  of  that  order,  the 
pedestal  being  sometimes  alittle  phoner,  and  the  base  having  an 
astrsnl  or  two  lem. 

The  entoUatnte  mostly  nsed  widi  this  order  is  phiner  thaa 
the  Corinthian,  having  commonly  only  two  fiOxs  to  the  arohi- 
trnfe,  the  upper  mouldings  being  rather  bolder;  aokl  the 
cornice  is  diftmnt,  in  having,  inSead  of  the  modiDlon  and 
dentil,  a  lort  of  plain  doubfe  modillion,  consisting  of  two 
from,  the  upper  prtjecting  fiuthest,  and  sepnmled  from  the 
lower  by  a  small  oge^.  Under  this  modilUon  is  coounooly  a 
larfs  ogee  astragal  and  fillet. 

A  plain  ooniieey  nearly  like  that  used  io  the  Connthmn 
etdflTi  IS  sometimes  used  to  this  order,  and  also  a  ooraiee  witii 
the  modillions  bolder,  and  caatalivcii  under  them  in  the  frieaa. 

This  Older  may  be  enriched  in  the  same  manner  as  the 
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BUILDING. 


Bbicklmying  is  the  art  of  building  with  bricks. 

Of  Bricks. 

Previous  to  entering  upon  details  belonging  exclusively  to 
the  art  of  bricklajing,  we  shall  introduce  an  account  of  the 
manufiu^tuie  and  different  sorts  of  bricks. 

On  comparing  the  stren|;th  and  durability  of  fuodem  bricl(# 
with  those  of  the  ancients,  it  is  evident  that  the  former  are  in 
every  respect  inferior.  The  ancients  appealr  not  only  to  have 
selected  the  best  sort  of  clav,  but  to  nave  combined  it  with 
other  ingredients  well  adapted  to  form  the  most  complete  cement, 
such  as  coarsely  powdered  charcoal  and  old  mortar  added  to 
the  clay.  Professor  Pallas,  on  his  last  journey  through  the 
southern  provbces  of  Russia,  discovered,  in  the  stiiDendons 
Tartar  monui^ents,  bricks  which  would  scarcely  yiela  to  the 
hammer.  Another  circumstance  contributing  materially  to  the 
excellence  of  the  bricks  and  tiles  roanufiictured  by  the  ancients, 
arose  from  their  burning  them  uniformly,  after  they  had  been 
thoroughly  dried.  No  doubt  can  be  entertained,  that  if 
modem  brickraakers  were  to  pay  more  attentbn  to  their  art,  by 
digging  the  da  v  at  proper  seasons,  exposing  it  much  longer  to 
|he  air  than  is  done  at  present,  working  it  sufficiently,  botow* 
ing  more  care  upon  the  burning  of  the  bricks,  and  that  the 
latter  operation  may  be  done  uniformly,  making  them  much 
thinner  than  is  prescribed  by  the  standard  form,  we  should  be 
provided  with  bricks  e«]ual  in  point  of  strens^h  and  durability 
to  the  beit  of  former  times.  In  a  variety  of  instances,  persons 
maj  have  it  in  their  power,  to  obviate  some'  of  these  causes  of 
deiect,  and  it  is  theiaore  proper  to  mention  them ;  but  the  state 
of  societ;jr  is  not  favourable  to  any  general  change  in  the  system 
which  brickmakers  pursue;  the  expedition  with  which  a  given 
number  of  bricks  can  be  furnished,  and  the  cheapness  of  the 
rate  at  which  they  can  be  manufactured,  are  to  them  the  prima* 
rpr  objects  of  consideration ;  and  the  speculative  builder  cares 
little  about  the  real  value  and  durability  of  his  edifice,  piovided 
the  diflereiice  between  the  cost  and  sale  price  is  sufficiently 
ample  to  recompense  him  to  his  satisfaction. 

It  is  an  enroneons  notion  that  bricks  may  be  made  of  any 
earth  that  is  not  stony,  or  even  of  sea  ouse;  too  much  sand 
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entering  into  their  contposition,  renden  them  bea^y  and  brittler, 
and  too  much  iat  arginaceous  matter  causes  them  to  crack  in 
drying:  those  only  will  born  red  tvhich  contain  iron  par« 
ticles.  In  England  thc^  are  chiefly  made  of  a  motley,  yellow- 
ish, or  somewnat  reddish  fiU  clayey  earth,  commonly  called 
ham.  Those  of  Stourbridge  clay,  and  Windsor  loam,  are 
esteemed  the  most  proper  and  durable  bricks,  and  they  will 
stand  very  high  degrees  of  heat  without  melting.  Nor  should 
the  earth  for  thb  manufacture  contain  too  many  calcareous  and 
ferroginous  ingredients ;  as  the  former  prevent  the  mass  from 
becoming  firm  in  burning,  and  occasion  the  bricks  to  crumble 
when  exposed  to  the  air;  whilea  superabundance  of  iron  particles 
retards  the  preparation  of  bricks  so  much  as  often  to  occasion 
considerable  diffieulty  in  giving  them  due  consistence.  This 
inconvenience  may,  however,  be  remedied,  by  allowing  the 
day  to  lie  a  considerable  time  under  the  influence  of  the  atmo* 
sphere,  then  soaking  it  in  pits,  and  afterwards  working  it  Well 
in  the  usual  manner.  The  common  potter's  clay,  which  is  also 
employed  io  the  manufacture  of  bncks,  is  opake,  imparts  a 
•light  colour,  sometimes  yellowish,  bluish,  greenish,  but  more 
fiequently  of  diflferent  shades  of  light  grey,  excepting  that  of 
blue  which  is  always  dark ;  when  kneaded  and  spread,  it 
becomes  smooth  and  glossy ;  it  is  soft,  fat,  and  cold,  s6ntewhat 
agreeable  io  the  touch,  slightly  adheres  to  the  tongue^  has  a 
fine  earthy  fracture,  and  is  very  plastic.  W  hen  of  the  best 
quality,  it  is  not  remarkable  either  for  its  lightness,  or  weight. 
By  chemical  examination  it  is  found  to  consist  of  thirty-seven 
parts  of  pure  argillaceous  or  clayey  earth,  and  sixty -three 
parts  of  siliceous  or  flinty  earth. 

Of  whatever  description  the  earth  intended  for  bricks  may 
be,  it  ought  to  be  dug  after  midsummer,  that  is,  between  tlie 
beginning  of  July  and  the  latter  end  of  October,  before  the  first 
frost  appears ;  it  should  be  repeatedly  worked  with  the  spade 
during  the  winter,  and  not  formed  into  bricks  till  the  following 
s|Hring.  If  the  earth  were  not  used  till  two  or  three  vears  after 
it  hacibeen  dug,  the  quality  of  the  brick  produced  would  be 
very  materially  improved,  and  the  oftener  it  is  turned  and  the 
more  eompletriy  it  is  incorporated,  the  better  will  be  the  tvlcluk 

The  cJayi  before  it  is  put  into  pits  for  soaking,  must  be 
broken  as  small  as  possible,  and  allowed  to  lie  at  least  ten  days ; 
every  stratum  of  twelve  inches  should  be  covered  with  water, 
in  older  that  it  may  be  uniformly  softened.  Two  pits,  at  least, 
will  bo  neoesnry  fer  every  brick  manufactory,  so  that^  after 
having  been  samnd  to  rsmain  for  five  days,  the  second  may  be 
prepared,  and  tiius  the  manufiictore  earned  on  without  inter» 
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Conpoaed  orders. — EmtynTs  attempt  to  form  a  new  order. 

I      .^i— —  III  I  ,  c» 

Having  gone  through  the  most  usual  forms  and  distinction9 
of  the  orders,  it  is  proper  to  say,  that,  even  in  Greece  and 
liome,  we  meet  with  specimens  whose  proportions  and  compo^ 
sition  do  not  agree  with  either  of  them.  These  are  comprised 
under  the  ^;eneml  name  of  composed  orders,  and  though  some 
are  beautiful  as  small  works,  scarcely  any  of  the  ancient  ones 
are  worthy  of  imitation  in  large  buildings,  and  modern  compo- 
sition has  run  very  wild,  and  produced  scarcely  any  thmg 
worth  prolonging  by  description.  There  was,  however,  one 
attempt  of  a  singular  kind,  made  some  years  since  by  an 
architect  at  Windsor,  who  published  a  magnificent  treatise,  and 
executed  one  portico  and  a  tew  door-cases  in  and  near  Windsor. 
This  was  H.  Emivn,  who  conducted  the  restoration  of  St. 
George^s  chapel.  His  order,  he  says,  was  first  brought  into 
his  mind  by  the  twin  trees  in  Windsor  forest.  He  makes  an 
oval  shall  rise  about  one-fourth  of  its  height,  and  then  two 
round  shafts  spring  from  it  close  to  each  other,  and  the  diminu- 
tion aflbrds  space  for  two  capitals,  which  have  volutes,  and 
instead  of  leaves,  feathers  like  the  caps  of  the  knights  of  the 
garter.  His  entabkiture  has  triglyphs,  and  his  cornice  mutules. 
The  triglyphs  are  ostrich  featbers,  the  guitas  acorns,  and  the 
metopes  are  filled  with  the  star  of  the  garter. 

To  conceal  the  awkward  junction  of  the  two  columns  to  Ihi 
lower  part,  an  ornament  is  placed  there,  w4iich  is  a  trophy  with 
the  star  of  the  garter  in  the  centre. 

It  is  obrious  that  this  order  must  be  extremely  unmanage- 
able, as  it  is  difficult,  and  indeed  almost  impossible  to  make  a 
good  angle  column,  and  if  its  entablature  is  proportioned  to 
the  diameter  of  one  column,  it  will  be  too  small ;  ifto  the  nirhole 
diameter  it  will  be  too  heavy,  and  a  mean  will  give  the  citpitab 
Wrong;  so  that  in  any  shape  some  error  arises.  In  the  portico 
above  mentioned,  the  entablature  is  so  light  as  to  appear  pre- 
posterous. This  attempt  is  not  generally  known,  as  the  book 
was  very  expensive,  and  the  portico  at  a  distance  from  a  public 
mad;  but  it  deserves  consideration,  because,  though  the  idea 
was  new,  its  execution  seems  completely  to  have  failed,  and 
indepd  in  large  designs,  no  composed  order  has  ever  yet  appear^ 
ed  that  can  come  in&  competition  with  a  scrupulous  attention  to 
those  excellent  models  of  Grreecc  and  Rome,  now,  through  the 
eiects  of  graphic  .art,  happily  so  familior  io  almost  9veTj 
English  architect . 
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Ihen  necewirily  TancB  wilb  the  itale  of  the  imther ;  if  thk  b» 
fiivoonible,  fonrtt-en  or  sizteeD  days  will  often  be  siiffickot  la 
•howrry  weather,  the  piles  are  usually  protected  from  its  bad 
eflectft,  by  some  cheap  ooterin^,  such  as  straw,  or  old,  light 
boards     In  gnmnds  not  extensive,  sheds  ate  often  erected* 

When  the  bricks  have  been  sufficiently  dried  in  the  air,  they 
are  burnt,  which  is  done  either  in  a  kiln,  or  in  a  slack,  teolK 
•icaily  called  a  clamp.  The  kilns  are  usually  made  latgit 
enottich  to  bum  twenty  thousand  bricks,  beii^  about  thirteen 
feft  long,  ten  feet  broad,  and  twelve  feet  in  hei^rht  The 
aperture  is  diminished  by  contracting  the  walls  towards  the  top, 
wrhere  the  area  is  about  one-tenth  smaller  than  below.  The 
thickness  of  the  walls  should  at  least  be  a  brick  and  a  half* 
Bricks  are  burned  in  kilns  with  less  fuel,  and  with  greatet 
nnilormtty  and  expedition  than  in  cfaunps.  When  th^  have 
been  set  or  placed  \n  the  kiln,  they  are  covered  with  pieces  of 
bricks  or  tiles,  and  dried  by  kindltnir  a  gentle  fire,  wkidi  is 
kept  up  for  two  er  three  days,  or  till  the  smoke  beoomes  light. 
More  Inel  is  then  added,  and  the  mouth  or  mouths  of  the  kiln 
are  nearly  closed  with  bricks  and  wet  clay;  as  soon  as  tibe 
arches  of  the  kUn  look  white,  and  the  fire  b^ins  to  appear  at 
Ihe  top,  they  slacken  the  heat  for  an  hoar,  ami  let  all  cool  by 
degrees.  Iiiis  th^  continue  to  do,  allernatelv  heating  and 
slaking,  till  the  bricks  be  thoiooghly  burnt,  which  is  usually 
eflected  in  forty-e^fht  houis* 

The  stacks  er  clamps  ate  built  of  the  bricks  themsdveSb 
The  foundation  is  commonly  raised  a  .little  firom  the  surrouadU 
ing  ground,  and  of  an  oUmig  form ;  the  sides  slant  inwards  a 
little  towards  the  top ;  hence  the  clamp,  in  its  i^ie,  is  a  trun* 
cated  pyramid.  Flues,  about  the  length  of  a  bnck  in  breadth^ 
are  made  entirely  through  the  damp;  they  are  about  six  feet 
apart  when  the  burning  is  to  be  hastened,  otherwise  they  are 
made  about  nine  feet  ftom  each  other.  The  arching  of  the 
ilues  is  perfermed  by  bying  the  successive  layers  of  bifaka  a 
little  over  the  edge  of  those  mIow  them*  till  they  nearly  meet, 
and  then  a  binding  Mck  at  the  top  finishes  the  arch.  In  every 
direction,  the  bricks  are  separated  from  each  other  by  a  stiatam 
ef  coals  and  cinders.    To  fecilitate  setting  fire  to  the  chmip^  a 

Suantity  of  wood  is  laid  with  the  coal  in  the  flues.  Wbm  the 
re  is  kindled,  if  it  bum  strongly,  or  the  weather  h  piecarieuf^ 
they  phu4er  the  oufsides  of  the  clamp  wHh  day^  and  close  the 
apertures  of  the  floes.  On  the  top  of  the  clamp,  a  thick  layer 
d'  breear  (ciaders)  are  unifatmly  laid.  When  the  whole  of 
the  fuel  is  oonsnmed,  the  asannfiieturer  condndes  that  the 
kddkM  aie  anflipai^y  boat.     The  opcntion  reqniros  6am 
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iineaty  to  thirty  days,  according  to  the  quantity  of  ftiel^  the 
pnfximity  of  the  flues,  and  the  state  of  the  weather. 

The  diflferent  kinds  of   bricks  made  in  this  countnr  are 

Cioripally)  phce  bricks,  grey  and  red  stocks,  marl  mciuf 
icks,  and  cuttin^i^  bricrks.  The  place  bricks  and  stocks  are 
iHpd  in  common  walling;  the  maris  are  made  in  the  neic^boui^ 
feiod  of  iiOodon;  these  are  Tery  beautiful  bricks,  of  a  fine 
yelkMV  cohMir,  hard,  and  well  burnt,  and  in  every  respect 
auperior  to  the  stocks.  The  finest  kind  of  marl  and  led  bricks  are 
called  cntf  iuf^  bricks ;  they  are  used  in  the  arches  over  windows 
and  doors,  being  rubbed  to  a  centre,  and  gauged  to  a  heif^ht. 

An  acre  of  land,  inchiding  the  ashes  mixed  with  the  earthy 
is  eomputed  to  yield  about  one  millkm  of  bricks  for  every  foot 
in  dqith.  The  brick  mould  is  ten  inches  in  length,  and  three 
in  breadth,  and  the  finished  bricks  are  about  nine  inches  lons^, 
four  and  a  half  broad,  and  two  and  a  half  thick.  Diflerelit 
qualities  of  earth,  however,  produce  bricks  of  diflerent  dtmen^ 
•MMS  from  the  same  mould ;  and  even  the  same  earth,  in  propor^ 
lion  as  it  is  more  or  less  wrought  or  burnt,  exhibits  similar 
lesuHa. 

It  is  extremely  probable,  that  bricks,  properlv  made,  wcmld 

Btive  superior  in  dumbility  to  aimost  everv  kincf  of  stone.  In 
ollaul,  the  stseets  aie  every«where  paved  with  a  hard  kind  of 
bricks,  known  by  us  under  the  name  of  clinken,  which  aie 
often  impoited  into  this  country,  and  used  for  paving  stables 
and  court  yards ;  and  houses  in  Attwt>Btdam  which  have  stood 
two  centuries,  so  for  fnmi  being  decayed,  appear  perfectly  fresh, 
as  n  new* 

The  mmeroas  pnlents  which  have  been  granted  for  the 
makiaff  of  bricks,  appear  to  have  had  improvements  in  the 
finrmation  of  the  article  for  their  principal  object,  without  much 
icgaid  to  thMB  materials  of  which  it  is  composed.  Cartwrigbt's 
piSnit,  the  exclusive  privil^(e  conferred  by  which  has  now 
expired,  is  perhnp«one  of  the  most  imDortant.  His  iroprovef 
amt  consists  in  giving  bricks  such  a  snape  or  form  that  they 
sbali  mutually  lode  or  cramp  each  other.  The  principle  of  bis 
invention,  may  be  understood  by  supposing  the  two  apposite 
sides  of  a  common  brick  to  have  a  groove  or  rabbit  down  the 
middle,  a  tttle  moie  than  half  the  wuith  of  the  side  of  the 
briok  in  which  it  ife  made;  there  will  then  be  left  a  shoulder  on 
on  each  side  of  the  groove,  each  of  which  shoulders  will  be 
aeorty  ccpml  to  one  quarter  of  the  wUlth  of  the  side  o<  the 
brick,  or  to  ono»balf  of  the  gooove  or  rabbit.  A  course  of  these 
bricks  being  liid  AooMer  to  shoulder,  they  will  form  an  indent- 
ad  lino  of  ncariy  equal  divisions ;  the  grooves  or  rabbits  being 
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somewhat  wider  than  the  two  adjoining  shoulders,  to  allow  for 
mortar,  &c.  When  the  next  course  comes  on,  the  shoulden  of 
the  bricks  which  compose  it,  will  fall  into  tlie  grooTes  of  the 
fir^t  course;  and  the  snoulders  of  the  first  coarse  will  fit  into  tbt 
grooves  or  rabbits  of  the  second,  and  so  on.  This  configure* 
tion  of  the  bricks  is  to  be  preferred,  as  it  is  perfectly  simple, 
but  the  principle  will  be  preserved  by  whatever  form  of  inden* 
tnre  they  lock  or  cramp  each  other.  For  the  purpose  of  taming 
the  angles,  it  nuiy  be  expedient  to  have  bricks  of  such  a  me 
and  shape  as  to  correspond  with  each  wall  respectively;  though 
this  IS  not  absolutely  necessary,  as  the  grooves  in  the  bricks  of 
each  wall,  where  they  cross  or  meet  each  other,  may  be  level- 
led, and  the  bricks  lap  over  as  in  the  common  mode.  For  the 
purpose  of  breaking  the  joints  in  the  depth  of  the  wall,  bricks 
will  be  required  of  difierent  lengths,  though  of  the  same  width. 
Buildings  constructed  with  bricks  of  this  principle,  will  require 
no  bond  timber,  one  universal  bond  running  through  and 
connecting  the  whole  building  together;  the  walk  of  which  can 
neither  crack  nor  bulge  out,  without  breaking  through  the 
bricks  themselves.  When  bricks  of  this  form  are  used  Ibr  the 
construction  of  arches,  the  sides  of  the  grooves  or  rabbits,  and 
the  shoulders,  should  be  the  radii  of  the  circle  of  which  the 
intended  arch  is  to  be  the  segment.  In  forming  an  arch,  the 
bricks  must  be  coursed  across  the  centre  on  which  the  arch  is 
turned,  and  a  grooved  side  of  the  bricks  must  hct  the  work- 
man. It  may  be  expedient,  though  not  absolutely  necessary, 
in  laying  the  first  two  or  three  courses  at  least,  to  begin  at  the 
crown  and  work  downwards.  The  bricks  may  be  either  laid  in 
mortar,  or  diy,  and  the  interstices  afterwards  filled  and  wedged 
up,  by  pouring  in  lime  putty,  plaster  of  Paris,  grouting,  or 
any  other  convenient  material,  at  the  discretion  of  the  work« 
man  or  builder.  Arches  on  this  principle,  it  is  stated,  having 
no  lateral  pressure,  can  neither  expand  at  the  foot,  nor  spriiq; 
at  the  crown,  consequently  they  will  want  no  abutments,  re- 
quiring only  perpendicular  walls  to  be  let  into,  or  to  rest  upon ; 
and  they  will  want  no  incumbent  weight  upon  the  crown  to 
prevent  their  springing  up,  a  circumstance  often  ef  greaf 
importance  in  the  construction  of  bridges.  Another  advantage 
attending  this  mode  of  arching  is,  that  the  ceotces  may  be 
struck  immediately;  so  that  the  same  centre  (which  in  no  case 
need  be  many  feet  wide,  whatever  may  be  the  breadth  of 
the  arch)  may  be  regularly  shifted  as  the  work  proceeds.  Bui 
the  greatest  and  most  striking  advantage  attending  this  inven- 
tion,  is  the  absolute  security  it  afibrds  (and  at  a  very  reasonable 
fate)   against  the  possibility  of  fiie;  for,  from  the  peooliM 
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Fire  bricks. — New  method  of  dividiilg  bricfct.--AbalysU  of  clay  for  bricks. 

prdpeities  of  this  aroh,  requiriiig  no  ahutments,  it  may  be  laid 
vpoo,  or  let  into,  common  walls,  no  stronger  than  vrhat  are 
vequtred  for  timbers,  of  which,  precluding  the  necessity,  it 
saves  the  expense.  A  more  particular  account  of  this  inven*. 
tion,  illustrated  by  two  plates,  rainr  be  seen  in  the  third  volume 
of  the  ^^  Repertory  of  Arts  and  Maouiactures." 

In  1798,  Francis  Farqubarson  of  Birmingham,  obtained  a 
patent  for  making  bricks  and  tiles  by  machinery,  and  indeed 
the  use  of  horse  power,  in  working  the  clay,  is  now  very, 
common. 

Whitmore  Davis,  of  Castle  Comber,  in  the  county  of 
Kilkenny,  Ireland,  observed  some  persons  in  the  vicinity  of  a 
colliery,  to  employ  a  mortar,  for  the  backs  of  their  grates,  which 
in  a  short  tiitie  became  very  hard*  This  substance  he  found, 
on  inquiry,  to  be  what  miners  term  seat^coalj  or  that  fossil  which 
lies  between  coal  and  the  rock.  It  has  been  examined  by. 
Kirwan,  who  is  of  opinion  that  it  will,  when  mixed  with  a  due 
proportion  of  clay,  produce  a  kind  of  bricks,  capable  of 
vesistiog  the  action  of  nre,  and  consequently  well  calculated  for 
furnaces,  or  similar  structures.  The  discovery  of  the  use  of 
this  substaqce  is  considered  important,  and  it  is  further  observ- 
ed, that  seat^coal,  properly  prepared,  will  answer  every  purpose 
of  tarras,  for  buildmgs  beneath  water. 

In  building,  a  considerable  waste  of  time  arises  from  the 
necessity  of  making  bricks  less  than  the  common  size,  to  suit 
particular  situations.  Nor  is  the  waste  of  time  the  sole. loss;  in 
attempting  to  divide  a  brick,  especially  in  the  direction  of  ita 
le^g;tb,  one  half  of  it  is  genemUy  reduced  to  useless  splinters ; 
but  bricks  have  lately  been  made,  which  in  their  soft  state  were 
nearly  cot  through  by  pressing  a  wire  upon  them ;  they  can 
then  be  divided  by  a  single  blow :  a  proportion  of  them  along 
with  the  common  sort,  produces  on  the  whole,  a  saving  of 
some  moment. 

It  is  of  considerable  importance  to  examine  clay  before  it  is 
made  into  bricks,  in  order  to  ascertain  whether  any  addition  caii' 
be  made  to  it  which  will  improve  its  quality.  According  to 
the  observation  of  Bergman,  the  proportion  of  sand  to  be  iksed- 
with  any  day,  roust  be  greater,  the  more  such  clay  is  found 
to  contract  in  burning,  but  the  best  clays  are  such  as  require 
no  sand.  This  illustrious  chemist  recommends  the  following 
mode  of  analysis  to  manufacturers :  Nitric  acid  poured  upon 
uabumed  clay,  detects  the  presence  of  lime,  by  producing  an 
efiervescence.  Calcareous  clays,  or  marls,  are  often  the  fittest 
materials  for  making  bricks.  In  the  next  place,  a  lump  of 
clay,  of  a  given  weight,  is  to  be  diffused  in  water  by  agitation. 
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Tbe  fluid  will  sobude,  and  the  day  lenaiii  Mispeiidad.  Other 
wafebinies  of  the  residue  will  cmrrj  off  some  day/  and  by  due 
manageflnent  in  this  way,  the  saad,  or  qaartaoM  natter,  may  be 
bad  srparate.  Nitric  add  by  dimstion  will  tahe  op  the  lime' 
from  a  part  of  the  clay,  pievipady  weuriicd,  and  tbii  may  be 
piecipitated  by  volatile  alhali.  The  cny,  the  mndy  and  the 
unie  may  thaa  be  wdl  emmgh  ascertained  by  weifrht,  so  as  to 
indicate  the  qnaatity  of  saml  or  other  material  rpqnisiCe  to  be 
added,  in  onler  to  farm  that  compoand,  which,  from  other 
experiments,  may  have  been  fennd  best  adapted  to  prodoea 
good  tilrs  and  bricks.  An  examination  with  the  microscope 
will  show  whether  the  sand  oontain  Md  spar,  or  other  stones  of 
kDown  figure. 

Paving  tiles  are  a  lon^  flat  kind  of  brick,  wed  for  hying 
the  floors  of  kitchens,  dairies,  ceUais,  ftc.  Two  or  three  sine 
of  them  are  generally  nrnde ;  the  least  of  English  maoofiictnre 
are  about  the  same  length  and  breadth  as  common  bricks ;  the 
largat  are  about  twdve  inches  square ;  a  middle  sine,  about; 
nine  inches  square,  is  also  in  common  use.  The  thiduiem  of 
all  the  siaes  oi  paving  tfles  is  only  about  an  inch  and  a  half. 
The^are  nuMle  of  the  strongest  kind  of  dav,  and  wdl  burnt. 
Paving  tiles  or  bricks  look  the  best  when  laid  diagonally. 

The  diftrent  sorts  of  tiles  for  rooA,  are,  pan  tiles,  which 
are  thuteen  inches  long  and  eight  broad,  and  aoout  half  an  inch 
thick;  they  are  curved  in  the  direction  of  thdr  length,  so  that 
their  transverse  section  is  a  figure  ol  contrary  curvature,  lilMi 
theletter  oo  ;  the  hoUew  of  one  side  serves  as  a  channd  for  the 
Bsin,  and  fior  that  purpose  is  made  of  greater  mdius  than  the 
other,  which  is  cmpbycd  to  overlap  the  edge  of  the  adjoining 
tile.  The  tile,  at  the  vpper  end  of  its  under  surface,  has  m 
knob,  by  which  it  is  hung  to  the  lath.  Tiles  constitule  a  rtrj 
heavy  covering,  and  require  the  laths  bv  which  they  are  sup* 
ported  to  be  proportionatehr  strong.  The  laths,  for  pan  lUmr 
are  about  three  quarters  of  an  inch  thick,  and  an  inch  and  a 
quarter  broad;  Uiey  are  gcnenlly  made  of  deal.  The  other 
sorts  of  tiles  are  chiefly  riain  tiles,  hip  tiks,  and  lidce  tiles; 
die  hlter  resemble  hdf  a  ndlow  cylinder,  and  are  laid  on  the 
ridges  of  housm.  Ridge  tiles  are  required  by  statute  to  be 
thirteen  inches  in  length,  and  six  inches  and  a  half  m 
bmdth.* 


*  Jkiekw^tTf  sr  wster  imprepMtcd  with  die  costeoti  of  brieki  sr  tilct,  b 
'  sf  piupcHiw  m  raurksUey  sad  st  tlw  vaie  tisM  m  peratdom  la 


Vie  of  ttr  in  iwcaciffaig  tilei.'   Stetate  regnktioni. 


In  HoHMd,  tkey  freqneiidy  glaae  Am  roofing*  tiles,  which 
increases  their  dumbility,  but  considerably  enhances  the  price 
•f  them.  The  early  destraction  of  anglaied  tiles  is  occasioned 
by  the  moisture  they  imbibe^  for  when  the  water  has  sunk  into 
tMoi,  they  br^k  with  the  action  of  the  frost.  Sonini  has,  how* 
erer,  discovered  an  exodlent  pveventiye  of  this  e£kci^  neatly 

3nal  to  frhaiog,  and  very  cheap:  he  directs  that  the  tiles, 
ter  they  hate  been  wdl  wanned  m  the  sun,  be  brushed  oveK 
with  tar.    Tiles  which  have  been  cracked  by  the  frost,  may  be 

Jmsenwd  from  the  further  influence  of  the  same  cause,  by  the 
ike  application. 

By  stat.  9.  Geo.  S,  cap.  15,  any  two,  three,  or  more  per- 
sons, appointed  by  the  justices  of  the  peace,  are  emf<mered^ 
within  fineen  miles  of  iJondoo,  t6  go  in  the  day  tnne,  into  any 
gnninds,  sheds  or  places,  where  any  clay  or  earth  shall  be 
digged  or  digging,  for  bricks  or  pan  tiles,  or  any  bricks  or 
pan  tiles  shallM  making  or  made  tor  sale,  and  there  to  search 
for,  view,  and  inspect  the  same,  ftc— -Ofl^ders  to  forieit 
tweofty  shiuiiies  for  every  thonemid  of  unstsAutaUe  bricks,  and 
ten  shQIings  for  every  tbonsand  of  soch  tiles;  one  half  of  the 
fine  to  the  prosecutor,  and  the  other  to  the  poor  of  the  parish 
in  which  the  offence  shall  be  committed. 

By  Stat.  Geo.  9,  cap.  92,  there  may  be  mixed  with  the 
brick  earth  any  quantity  of  sea^coal  ashes,  sifted  or  skreened 
through  a  siere  or  skreen  half  an  inch  wide,  and  not  exceeding 
twenty  loads  to  the  making  of  100,000  bricks,  each  bad  not 
exceeding  thirty-six  bushas.  And  breese  may  be  mixed  with 
coal  in  the  boming  of  bricks  in  clamps  for  sale,  ftc.  Stock 
bricks  and  place  mcks  may  be  burned  in  the  same  clamp,  so 
that  the  stoclk  bricks  be  set  in  one  distinct  parcel,  and  not  mixed 
nod  surrounded  with  place  bricks. 

By  stal.  10.  Oea.  S,  cap.  49,  the  earth  for  making  bricks 
must  be  turned  at  least  once  after  it  is  dug,  before  it  is  made 
into  Inricks. 

tfM  IbOowinf  carfsQi  esMrisMBl  ouuie  Igr  Dr^  PstdwU*  snd  stated  in  tlw  fint 
▼olmne  of  hit  Emyi.  He  tteeped  two  or  three  piece*  of  comaon  brick,  four 
dsyt  te  s  buon  fbll  of  cH^iHed  water,  which  he  tfterwafdii  decanted  on,  and 
esMBiasd  kf  varioaa  dMBieal  lefts.  U  was  sot  mia^iMe  with  ioap;  simcii  a 
IHwljr  grasn  with  aynip  sf  violelt,  bseaow  tUghdy  hMstewset  by  the  TotaHile 
alkali,  bet  anurely  niiky  by  tbt  Aacd  alkali,  and  by  a  sohitioB  of  ugar  of  lead. 
Ko  cbaas^  was  pradeced  oa  it  by  ao  iafi»ioo  of  tomeatil  root.  Henec  the 
Doctor  Jnstly  oonciuded  that  the  hninK  of  welli  with  bricks,  a  practice  very 
IB  In  ▼anoot  phicei»  ii  eatrssidy  fanpropor,  at  it  canaot  iaU  to  render  ttas 
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By  17.  G«o.  S,  cap.  49,  stock  and  phoe  bricks  made  for 
sale,  shall,  whea  brnmt,  be  not  less  than  eight  and  a  half 
inches  kMig,  four  inches  wide,  and  two  and  a  half  inches 
thick. 

By  43.  Geo.  3,  cap.  69,  (consolidating  the  excise  duties,) 
ever  J  thousand  of  bricks  made  in  Great  Britain,  not  ezceedii^ 
ten  inches  long,  three  inches  thick,  and  five  inches  wide,  w 
•liable  to  a  dnt j  office  shUknffs^  and  if  exceeding  these  dinons- 
sions  to  tat  skiUbigs:  and  every  thousand  of  bricks  made  in 
Great  Britain,  and  smoothed  or  polished  on  one  or  more  side& 
not  exceeding  the  superficial  dimensions  often  inches  long,  ana 
JBre  inch^  wide,  u  subject  to  a  duty  of  kcehe  $hiUmg$;  and  if 
such  bricks  exceed  these  diraenrions,  to  the  doty  on  paving 
tii(-s.  The  said  duties  aie  to  be  paid  by  the  makers.  An 
additional  duty  of  ienpence  pec  thousand  was  imposed  on  bricks 
and  tiles  in  1S05. 

■ 

Of  the  To6b  used  in  Brickhymg. 

The  brick  irowel^  which  is  used  for  taking  up  and  spreading 
the  mortar,  is  also  used  for  cutting  the  bricks  to  any  required 
sise,  and  should  therefore  be  made  of  the  best  steely  and  well 
tempered. 

The  hammer  used  by  the  bridilayer,  is  adapted  either  to 
strike  a  blow,  or  to  divide  the  bricks,  aa  may  be  required  in 
cutting  a  hole  through  a  brick  wall,  or  other  opemtions.  One 
end  of  the  head  of  it  has  therefore  a  foce  similar  to  that  of  any 
common  hammer,  and  the  shape  of  the  other  end  resembles  that 
of  a  carpenter's  axe,  though  far  narrower  in  proportion  to  its 
length.  The  handle  is  inserted  much  nearer  the  fiioe  of  the 
hammer,  than  the  other  extremity  or  edge. '  Another  kind  of 
hammer,  often  employed  in  .taking  down  brick*work,  difieis 
from  the  above  only  in  having  instead  of  the  axe  part^  nnarl^ 
the  shape  of  an  adze,  but  not  so  broad  for  its  length ;  hence  it 
may  be  driven  with  facility  between  bricks  to  separate  them. 

The  jylumb  rule  is  similar  to  that  used  by  carpenters  and 
other  artisans.  It  consists  of  a  well-seasoned  lioard,  the  length 
of  which  should  at  least  be  four  feet;  its  thickness  and  breaatb 
are  not  very  material,  provided  they  be  suflkient  to  prevent  its 
warping.  Down  the  middle  of  one  of  the  broad  surfiiccs  of 
the  board  is  drown  a  straight  line,  and  at  one  extremity  in  this 
line,  is  attached  a  small  cord  with  a  weight  at-the  lower  end.* 
If  the  long  narrow  sides  of  the  role  be  perfectly  straj^t  and 
parallel  with  each  other,  and  the  line  is  eoiiidistant  from  \h(t 
arris  on  each  side  of  it,  the  plummet  being  oung  in  this  liaet 
will  form  a  correct  instrument.    Either  of  the  Imig  wmnom 
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The  level.-^Thc  tqnare. — ^The  bevel. — ^Tbe  roil, 

^mdn  of  the  rule  is  applied  to  the  wall,  so  that  the  plummet  and 
its  cord  may  face  the  wodtman,  iivho,  by  frequently  using  it,  is 
enabled  to  carry  up  his  wall  perpendicularly.  If  in  any  of 
these  trials,  he  observes  that  the  line  on  the  rule  and  the  cord  of 
4he  plummet  do  not  coincide,  he  sets  the  bricks  further  in  or 
out,  as  may  be  required  to  rectify  the  error,  taking  care  to  do 
it  while  the  mortar  they  are  set  in  is  yet  wet. — ^As  the  plummet 
is  not  made  to  hang  below  the  rule,  a  small  portion  of  the  latter 
is  cut  away,  to  allow  the  cord  to  hang  strai|fnt. 

The  i!eve/ employed  by  the  bricklayer,  is  also  similar  to  that 
of  the  carpenter.  It  is  of  various  lengths  from  six  to  twdve 
ieet.  If  one  end  of  the  plumb-rule  above  mentioned  were 
joined  at  right  aneks  to  the  middle  of  the  long  narrow  edge  of 
anoUier  board  of  the  same  thickness,  but  about  double  its 
kpgth,  it  would  become  a  level,  the  lower  edge  or  side  of  the 
piece  thus  added  to  the  rule,  becoming  the  surfiice  placed  on 
walb.  particularly  at  window  ctlb  and  wall  plates,  to  aitoertain 
wkether  they  are  horizontal  or  not.  To  try  the  correctness  of 
a  level,  {daee  it  vertically,*  that  is,  in  the  position  in  which  it 
is  used,  upon  any  fiat  surfiice,  or  merely  place  each  end  of  the 
bottom  edge  upon  a  block  of  wood,  and  raise  or  lower  the  sup- 

Erts  till  the  cord  of  the  plummet  exacQy  coincides  with  tne 
iO  on  the  perpendicular  rule  or  limb  of  the  instrument. 
When  this  is  ofaeerved,  reverse  the  ends,  and  if  the  same  coin« 
cidence  then  takes  place,  the  level  is  true;  but  if  it  does  not, 
tlie  bottom  must  be  planed,  till  the  trial  will  succeed.  The  per« 
pendicular  and  horizontal  parts  of  the  level  are  not  only  fastened 
tgythiiJ'  by  movtioe  and  tenon,  but  for  greater  finnness,  and  to 
prevent  warping,  two  braces  are  added,  which  extend,  in  a 
jrianting  direction,  from  the  horizontal  piece  nearly  to  the  top  of 
the  perpendieuiar  one. 

A  uarge  square  is  employed  in  setting  out  the  sides  of  build- 
Ims  at  right  angles ;  and  a  small  square  for  trying  the  bedding 
or  bricks,  and  squaring  the  soffits  across  their  breadth. 

A  bevel  is  required  for  drawing  the  soffit  line  on  the  face  of 

The  rodj  for  measuring,  is  either  five  or  ten  feet  long ;  the 
Aet  are  divided  by  notches,  and  one  of  those  next  the  extremity 
of  the  rule,  is  divided  into  inches.  Dimensions  may  be  more 
ttpoditiously  asoertained  with  the  rod  than  with  a  pocket  rule, 
but  bricUayen  are  generally  provided  with  a  measuring  iapey 
which  is  coiled  up  by  its  winch  into  a  cylindrical  box,  of  such 
MuaU  ;dime&aiotts,  as  to  unite  a  more  convenient  portability  than 
the  pocket  rule,  with  greater  despatch  in  the  general  operatbns 
of  ncasuBemcnt,  than  can  be  obtained  by  the  use  of  the  lo^. 

9.  Vol-.  I.  9C 
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JoiD  ting-rale. — Jointer.— lUker.—>Hod.—Lioe.--RaiiiiDer«~Crow  and  pick -axe* 

The  jointtng^rule,  eroplojedin  ranniog  the  joints  of  brick* 
work,  is  eight  or  ten  feet  long,  and  four  inches  broad.  When 
de%ignecl  for  the  use  of  two  bricklayers,  the  latter  length  is 
employed. 

The  iron  tool  used  along  with  the  jointing-rule,  to  mark  the 
joints  of  brick«work,  is  called  a  jointer;  its  form  id  nearly  that 
of  the  letter  c» ,  though  its  flexure  is  not  in  proportion  so  con- 
siderable. 

The  raker  has  its  use  designated  by  its  name.  It  is  employed 
to  rake  or  scrape  loose,  and  decayed  mortar  out  of  the  jomts  of 
walls,  the  appearanceof  which  is  intended  to  be  improved  bv 
pointing  them  afresh.  The  raicer  is  made  of  iron,  pointed  with 
steel,  and  at  about  one-fourth  of  its  length  from  eacn  extremity, 
it  is  bent  to  a  right  angle,  so  that  it  would  resonble  a  Z,  if  the 
stroke  connecting  the  top  and  bottom  of  that  letter  were  per- 
pendicular instead  of  slanting. 

The  hod  is  an  angular  wooden  trough,  closed  only  at  one 
end;  so  that  it  resembles  the  half  of  a  rectangular  box,  divided 
in  such  a  manner  as  to  consist  of  two  entire  sides  and  one  end. 
From  the  middle  of  the  angular  ridge  formed  by  the  meeting  of 
the  two  sides,  proceeds  a  pole  or  handle  about  four  feet  long; 
and  so  much  of  this  ridge  as  lies  between  the  handle  and  the 
end  piece,  b  covered  with  a  cushion  of  several  thicknesses  of 
leather,  or  leather  stufied  with  wool.  In  this  utensil,  the 
labourer  carries  upon  his  shoulder  the  bricks  and  mortar  with 
which  he  supplies  the  bricklayer;  the  cushion  takes  off  the 
sharpness  of  the  ridge,  and  by  means  of  the  handle,  he  can 
support  it  without  difficulty,  either  in  walking  on  level  ground, 
or  ascending  a  ladder.  It  is  customary  to  sprinkle  the  inside  of 
the  hod  with  clean  dry  sand,  before  it  is  filled  with  mortar, 
which  is  thereby  prevented  from  adhering  to  the  wood. 

A  cord  or  /me,  to  serve  as  a  guide  in  laying  the  courses  of 
bricks  exactly  straight,  is  stretched  close  to  the  wall,  and 
removed  at  the  proper  intervals  as  the  work  advances.  This 
line,  to  afford  the  means  of  stretching  it  wherever  it  u  wanted, 
is  fastened  to  two  pointed  iron  pins,  called  the  Site  pvuy  one 
being  attached  to  each  end  of  it. 

The  bricklayer's  rammer  differs  not  from  the  paviour's.  If 
the  ground  intended  for  a  foundation  is  deemed  not  sufficiently 
solid,  it  is  compressed  as  much  as  possible  by  this  tool,  a  due 
altention  to  the  use  of  which  will  prevent  fractures  that  may 
endanger  the  building. 

The  iron  crow  and  the  ^ck^axe^  are  useful  assistants  to  the 
bricklayer,  of  obvious  utility;  being  sometimes  employed  in 
conjunction,  and  sometimes  alone,  in  digging,  breakiog  throagh 
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The  compasses  and  griodstoiie.— Chopping  block.— Banker.— Camber  slip. 

walU^  TBtsing  heavy  bodies  out  6(  the  ground,    and  similar 
operations.  ; 

The  compasses  for  traversing  arches,  and  the  grindutg'Slone 
for  sharpening  tools,  scarcely,  perhaps,  require  to  be  mentioned. 

The  cutting  and  management  of  bricks  for  the  construction  of 
ganged  arches,  add  the  following  tools,  besides  the  small  square 
and  bevel  above-mentioned,  to  the  catalogue  belonging  this 
trade. 

The  chopping  blocks  is  made  out  of  any  piece  of  wood 
which  happens  to  be  at  hand,  set  or  fixed  with  sufficient  stability 
for  axinfir  the  bricks  upon.  Its  height  may  be  about  thirty 
inches;  tne  area  of  its  upper  surface  is  generally  inconsiderable; 
if  six  or  eight  inches  square,  it  is  sufficiently  large  for  one  man 
to  work  at;  when  several  men  are  at  work,  it  is  better  that 
they  should  have  separate  chopping  blocks  than  a  single  large 
oncy  unless  the  single  one  be  ver^  firmly  fixed,  so  that  the 
vibrations  communicated  by  any  of  the  workmen,  may  not  in- 
convenience the  rest,  and  unless  also  its  dimensions  be  increased 
in  a  much  greater  proportion  than  the  number  of  hands. 

The  banker,  is  the  appellatbn  which  designates  a  large 
bench,  upon  which  the  bricks  for  arch-work  are  rubbed  and 
gauged,  {t  is  from  two .  to  three  feet  in  breadth,  and  from 
six  to  twelve  feet  in  length,  according  to  the  number  of  men  it 
is  intended  to  accommodate^  or  the  dimensions  of  the  timber 
which  happens  to  be  a^  hand  or  most  cheaply  obtainable.  The 
banker  is  generally  made  thirty  or  thirty4wo  inches  high  :  as  it 
is  not  necessary  for  it  to  be  very  thick,  an  old  door  may  be  con« 
verted  into  one,  supporting  it  by  four  or  five  posts  or  piers,  and 
for  greater  steadiness  setting  one  edge  against  a  wall. 

The  camber  sUp  is  a  piece  of  Ixmrd  cambered  or  made  con« 
vex  on  one  or  both  edges,  but  not  confined  to  any  particular 
lengthy  breadth,  or  thickness,  though  the  latter  dimension  is 
generally  about  half  an  inch.  It  is  employed  as  a  ruler;  when 
only  one  edge  is  curved,  it  rises  about  one  inch  in  six  feet, 
for  drawing  the  soffit  lines  of  straight  arches :  when  the  opposite 
edge  is  curved,  it  rises  only  about  half  an  inch  in  six  feet,  and 
it  used  to  draw  the  upper  side  of  straight  arches.  This  bmall  con- 
vexity is  an'allowancefor  the  settling  of  tlie  arch,  which  many 
disregard,  and  therefore  make  the  upper  side  of  the  arches  in 
question  straight.  When  the  bricklayer  has  drawn  his  lines 
with  the  camber  slip,  he  hands  it  to  the  carpenter,  who  by  it 
forms  the  centre  to  the  curve  of  the  soffit.  To  prevent  the 
necessity  of  hftving  many  camber  slips,  one  is  made  large 
SDOogh  for  the  wid^t  aperture  likely  to  be  arched. 
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The  mould.— The  scribe.— The  tin  saw. — ^Tbe  briek-aze.— The  robbing-ttaoe,  he. 

The  mould  is  used  to  obtain  the  proper  form  of  the  brick| 
that  it  may  be  reduced  to  the  requisite  taper,  one  edge  of  the 
moald  being  brought  close  to  the  bed  of  the  brick  pieriouslj 
squared.  There  b  a  notch  in  the  mould  for  every  course  of 
the  arch. 

The  scribe  is  any  piece  of  iron,  such  as  a  lar^e  nail  or  the 
like,  ground  to  a  point,  for  the  purpose  of  marking  the  brioh» 
irhere  they  are  to  be  cut. 

The  tin  saw  is  used  in  cutting  the  bricks  about  the  eighth  of 
an  inch  deep,  at  the  lines  marked  with  the  scribe,  so  that  an 
entrance  may  be  made  for  the  brack  axe,  and  that  they  may  be 
reduced  to  the  proper  form  for  arches,  without  splintering  or 
jagging  their  edges.  The  fiibe  joints  are  also  cut  wHh  thii 
instrument. 

The  brick  axe  is  used  for  reducing  bricks  to  the  saw  cuttlngil 
and  lines  drawn  by  the  scribe.  The  subsequent  labour  of  rub^ 
bing  the  bricks  is  shortened  in  proportion  to  the  dexterity  shown 
in  the  management  of  the  axe. 

When  the  bricks  have  been  cut  with  the  requisite  exactness 
by  the  axe,  they  are  taken  to  the  rubbbig^sUme^  upon  which 
they  are  rubbed  smooth.  The  rubbine-stone  is  generaHy  fixed 
upon  a  bed  of  mortar  at  one  end  of  the  banker.  To  keep  il 
Imerably  level,  the  bricks  should  be  rubbed  equally  on  every 
part  of  it,  and  in  different  directions ;  it  should  not  therefore  M 
so  large  as  to  prevent  the  workman  from  easily  reechii^  over  it, 
on  whatever  side  of  it  he  stands  t  about  twenty  inches  in  diame- 
ter is  a  convenient  sice.  If  the  grain  of  it  is  not  sharp  enourh 
to  reduce  the  brick  with  the  necessary  expedition,  sand  may  be 
used.  The  headers  and  stretchetB  in  returns,  which  ate  nel 
axed,  are  also  dressed  upon  the  rubbing-stone. 

The  bedding  stone  is  a  marble  slab,  about  ten  inches  btoed, 
and  twenty  inches  lon^,  with  one  flat  sur&ce,  which  is  uied  t6 
try  whether  the  rubbed  surface  of  the  brick  be  straight,  so  as  to 
fit  upon  the  leading  skew  back,  or  leading  end  of  the  aroh. 

The  stone  upon  which  bricks  cut  with  curved  suriaoea  aM 
nibbed,  is  called  tiJIoat'Stane^  which  must  itself  necessarily  be 
curved  in  the  reverse  form,  though  of  a  radius  equal  to  that 
intended  for  the  brick* 

Of  Foundaibmi, 

Foundations  are  either  natural  or  artificial ;  natuiml,  trhere 

the  eround  is  rocky  or  good;  artifickl,  when,  from  its  bc^ggy, 

sandy  state,  or  from  its  having  been  hldv  dug  up,  piling,  or 

•ome  other  preeaution,  must  be  resorted  to  for  the  ftupport  dr  the 

Appeaianoes  areao  often  deceitful^  that  the  pmdflnt 
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builder  will  never  depend  upon  tbem^  but  will  examine  the 
ground  intended  for  a  foundation  with  the  utmost  attention.  If 
the  ground  shake  on  being  struck  with  the  rammer,  the  nature 
of  it  must  be  ascertained  by  piercing  it  with  a  well-digger'0 
borer.  Having  found  how  far  the  firm  ground  is  beneath  the 
surface,  the  loose  or  soft  parts  must  be  removed,  if  not  very 
deep:  the  excavations  made  on  these  occasions,  should  widen 
upwards,  and  their  sides  be  cut  in  the  form  of  steps ;  by  which 
means  a  firmer  bed  will  be  obtained  for  the  wall,  than  if  the 
sides  of  the  trenches  were  simply  inclined  planes. 

Palladio  directs  that  the  ground  for  the  foundation  be  pene^ 
trated  to  a  sixth  ^part  of  the  whole  height  of  the  building, 
unless  there  be  cdlars,  in  which  case  he  recommends  digging 
deeper.  It  is  a  good  rule  to  make  the  foundation  double  tte 
breadth' intended  for  the  superincumbent  wall,  and  the  contrac* 
tion  of  it  should  be  made  alike  on  both  sides. 

If  the  earth  is  very  unsolid,  piles,  close  to  each  other,  and 
long  enough  to  reach  the  good  ground,  must  be  driven  in.  The 
thickness  of  these  piles  should  not  be  less  than  one»twelfth  of 
their  length ;  they  should  be  made  to  present  as  even  a  surfiico 
as  possibb,  and  should  then  be  covered  with  planks^ 

When  the  infirmity  of  the  ground  is  uninmn,  but  not  very 
considerable,  it  may  be  made  good  by  laying  pieces  of  sound 
oak  about  two  feet  apart,  across  the  breadth  of  the  trench  in 
which  the  wall  is  to  stand,  and  when  these  have  been  firmly 
bedded  and  rammed  down,  planks  of  the  same  timber,  or  of 
pitch  pine,  (which  is  equally  as  durable  in  such  situations,) 
must  be  laid  down  and  spiked  upon  them.  The  planks  should 
be  half  a  foot  wider  than  the  base  of  the  foundation  wall* 
Ground  of  this  description  may  also  be  made  good  bjr  ramminr 
large  stones  upon  it,  closel  v  together,  and  extending  in  breadth 
about  a  foot  on  each  side  of  the  wall.  Upon  the  first  txiurse  of 
stones,  another  course,  rather  narrower,  may  be  laid,  taking 
care,  as  in  walling  generally,  to  make  the  joints  of  one  course 
to  fall  on  the  middle  of  the  stones  in  the  other. 

If  the  mund  be  found  defective  in  one  phioe  and  good  in 
another,  tEs  unequal  settlement  which  would  be  the  itaevitable 
oooseauence  of  building  upon  it  in  such  a  state,  may  be  pre^ 
venteo  by  a  plan  which  is  now  becoming  daily  more  common, 
and  which,  if  carefoUy  executed,  is  always  successful.  It  con* 
sists  in  the  use  of  arches,  either  inverted  or  suspended,  accord* 
ing  to  ctrcnmstanoes,  which  we  shall  now  advert  to. 

When  the  soft  parts  of  the  ground  are  under  the  apertures 
only,  inverted  aYchesare  to  be  turned  under  such  apertui^s, 
in  the  manner  represented  by  fig.  1,  pi.  I<    By  this  means  the 
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FoaDdatioot.^Use  of  inverted  and  tospeodcd  arches. 

advanta^  of  one  continued  base  is  obtained,    for  the  piers 
cannot  sink  without  carrying  the  arches,  and  conseouently  the 

S round  upon  which  they  stand,  along  with  them.  The  whole 
uildin^  will  therefore  sink  equally,  and  no  fracture  of  the 
walls  will  ensue.  So  much  is  the  use  of  inverted  arches  under 
apertures  approved,  that  they  are  considered  indispensable  in 
all  buildings  of  considerable  weight  or  consequence,  even  when 
the  ground -is  not  found  to  be  defective.  It  is  sufficiently  obvi* 
ous,  that  the  walls  of  all  buildings,  the  base  of  the  foundation 
of  which  is  not  actually  bid  upon  the  bare,  solid  rock>  will 
sink  a  little ;  and  as  the  pressure  of  the  piers  is  incomparably 
greater  than  that  of  the  low  piece  of  walli%  under  the  aper- 
tures, the  risk  is  extreme,  that  the  resistance  of  the  ground 
agaiittt  this  low  walling  will  not  allow  it  to  sink  with  the  piers, 
and  consequently  the  fracture  of  the  wall,  and  probably  the 
breaking  of  the  window  cills,  will  be  the  consequence.  The 
invertea  arches  prevent  these  bad  effects;  and  as  they  have  so 
important  a  service  to  perform,  they  should  be  thrown  with  the 

freatest  care,  closely  jointed,  and  their  depth  at  least  equal  to 
alf  their  width. 
When  the  reverse  of  the  preceding  case  occurs,  that  is, 
when  the  solid  parts  o{  a  foundation  are  only  to  be  found  under 
apertures,  then  piers  must  be  built  in  these  places,  and  arches 
suspended  between  them,  as  represented  by  m;.  8.  It  is  best  to 
make  the  middle  of  the  pier  rest  upon  the  middle  of  the  summit 
of  the  arch.  If  the  pier  does  not  cover  the  arch,  the  narrower 
it  is,  the  greater  shoukl  be  the  curvature  of  the  latter  at  the 
apex.  When  arches  are  used  in  this  way,  the  intrados  ought 
to  be  clear,  that  they  may  have  their  full  efiect  The  uniform 
resistance  of  the  ground  upon  which  the  piers  are  erected,  is 
also  of  greater  importance  than  even  its  perfect  hardness ;  for  if 
it  resist  uniformly,  the  building  will  sink  in  every  part  alike, 
and  remain  uninjured. 

When  wood  is  laid  in  the  trench  of  a  foundation,  the  first 
course  of  stone  or  brick  should  be  bid  as  close  as  possible,  with* 
out  mortar,  which  injures  the  timber.  If  there  be  any  differ* 
cnce  in  the  quality  of  the  bricks,  the  strongest  and  dosesly 
which  are  least  Ibble  to  imbibe  moisture^  shouM  be  selected  for 
foundation  work. 

Of  CemenU* 
The  brickbyer  being  provided  with  tools,  with  bricks,  and 
having  prrpared  the  trenches  of  his  foundation  for  walling, 
finds  himself  in  immediate  want  of  mortar  or  cement,  a  subject 
which  next  claims  our  consideration. 
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CemeDta. — Impprlance  of  Hi|;giiis'  ezperimeoti — his  mortar  or  atocco. 

The  nature  aad  best  methods  of  preparing  calcareous  ce* 
ments,  have  been  investigated  by  Dr.  Higgins,  with  great 
ability  and  success.  He  has  advanced  the  most  satisfactory 
proois,  founded  upon  analysis,  that  the  Romans,  whose  mortar 
or  cement,  after  a  lapse  of  two  thousand  years,  instead  of 
being  decayed,  has  become  as  hard  as  the  stones  it  binds  toge- 
ther, possessed  no  uncommon  secret,  which  we  are  unable  to 
discover.  His  publication  first  appeared  in  1780,  and  is 
evidently  the  proauction  of  a  liberal  and  intelligent  mind.  He 
struck  into  a  path  with  which  we  were  but  little  acquainted, 
though  the  knowledge  of  it  is  of  very  considerable  importance 
to  the  public  collectively  as  well  as  to  individuals :  for  it  is  cer- 
tainly lamentable  to  observe  public  or  private  edifices,  insecure, 
or  prematurely  mouldering  away,  from  the  ignorance  or  disre- 
gard of  a  few  particulars,  which  might  not  only  be  observed 
'  with  ease,  but,  in  many  instances,  with  a  diminution  of  the 
original  expense.  The  Doctor's  conclusions,  which  were  drawn 
from  innumerable  experiments,  constitute  a  great  portion  of 
the  best  part  of  our  knowledge  on  this  subject  at  the  present 
time;  but  though  so  many  years  have  elapsed  since  they  were 
communicated  to  the  public,  they  are  far  from  being  yet  gene- 
rally known,  and  consequently  are  not  reduced  into  general 
practice. 

Such  is  the  neglect  shown  on  this  subject,  that  the  timbers 
of  our  houses  last  longer  than  the  walls,  unless  the  mouldering 
cement  be  frequently  replaced  by  pointing.  The  following 
directions,  for  preparing  durable  mortar  or  stucco,  contain  the 
result  of  the  Doctor's  experience,  and  have  been  attended  to 
with  remarkable  success. 

Sharp  sand,  free  from  clay,  salts,  calcareous,  gypseous,  or 
other  grains  less  hard  and  durable  than  quartz,  is  better  than 
any  other.  When  a  coarse  and  a  fine  sand,  corresponding  in 
the  size  of  their  grains,  to  the  coarse  and  fine  sand  hereafter 
described,  cannot  be  easily  obtained  native,  the  following 
method  of  sorting  and  cleansing  it  must  be  resorted  to.  Let  the 
sand  be  sified  in  streaming  clear  water,  through  a  sieve  which 
will  allow  all  grains  not  exceeding  one-sixteenth  of  an  inch  to  pass 
through,  and  let  the  stream  of  water  be  regulated  so  as  to  wash 
away  the  very  fine  parts  of  the  sand,  the  clay,  and  every  other 
matter  lighter  than  sand.  The  coarse  rubbish  left  on  the  sieve 
must  be  rejected.  The  sand  which  subsides  in  the  receptacle 
must  then  be  further  cleansed  and  sorted  into  two  parcels,  by 
the  use  of  a  sieve  which  allows  no  grains  to  pass  but  what  are  lesk 
than  one-thirtieth  cf  an  inch  in  diameter.  That  part  which  passes 
through  this  sieve^   we  shall  call  fine  sand^   the  remaming 


200  BUILDIKG. 


Evoellasc  mode  of  preparing 


portion,  coarse  sand.  These  sepamte  portions  may  then  be 
dried  in  the  sun,  or  by  neans  of  a  fire. 

That  sort  of  lime  must  be  chosen  which  heats  the  most  in 
slaking,  and  sbkes  the  quickest  when  ^uty  watered ;  which  is 
the  freshest  made  and  has  been  the  closest  kept,  which  dissolves 
in  distilled  vin^ar  with  the  least  eflfervescence,  and  leaves  the 
smallest  residue  insoluble,  and  in  this  residue  the  smallest  quan- 
tity of  day,  gypsum,  or  martial  matter.  Put  fourteen  pounds 
of  the  lime  chosen  according  to  these  important  rules  into  a 
brass-wire  sieve  still  finer  than  the  last  mentioned.  Slake  the 
lime  by  alternately  plunging  it  into  and  raising  it  out  of  a  butt 
of  soft  water;  reject  all  the  matter  which  does  not  easily  pass 
through  the  sieve,  and  use  fresh  portions  of  lime  in  a  similar 
manner,  until  as  many  ounces  of  lime  have  passed  through  the 
sieve  as  there  are  quarts  of  water  in  the  butt.  This  is  the  lime 
water,  which  contributes  materially  to  the  excellence  of  the 
stucco.  As  soon  as  a  sufficient  portion  of  lime  has  been  impart- 
ed to  it,  it  should  be  closely  covered  until  it  becomes  dear, 
and  then  be  drawn  off,  by  wooden  cooks,  placed  at  different 
heights  as  the  lime  subsides,  without  breaking  the  crust  formed 
OB  the  surfiice.  The  freer  the  water  is  from  saline  matter,  the 
better  will  this  liquor  be.  Lime  water  must  be  kept  in  air-tight 
vesseb  till  the  moment  it  is  used. 

Slake  fifty-six  pounds  of  lime  chosen  as  above  directed,  by 
gradually  sprinkhng  on  it  the  lime-water.  Sift  the  slaked- pait 
of  the  lime  immediately  through  the  last  mentioned  fine  brass* 
wire  sieve ;  the  lime  which  passes  must  be  used  instantly,  or 
kept  in  air-tieht  vessels,  and  the  rest  rejected.  This  finer, 
ricner  part  of  the  lime  ma^  be  called  purified  lime.  It  is 
always  advisable  to  sift  the  lime  immediaidy  after  the  shking, 
otherwise  much  of  the  iU-butnt  lime  and  heterogeneous  matter 
which  it  may  contain,  will  pass  through  the  sieve. 

The  materials  of  the  cement  being  thus  prepared,  take  fifty- 
six  pounds  of  the  coarse  sand,  and  forty-two  pounds  of  the  fine 
sanci ;  mix  them  on  a  large  plank  of  hard  wood  placed  horixon* 
tally;  then  spread  the  sand  so  Chat  it  may  stand  to  the  height  of 
six  inches  with  a  flat  surface  on  the  plank,  and  wet  it  with  lime 
water,  of  which  so  much  must  be  allowed  to  flow  away  off  the 
plank  as  the  sand  in  the  conditioA  described  cannot  retain.  Tm 
the  wetted  sand  add  fourteen  pounds  of  the  purified  lime  in 
several  successive  portions,  mixing  and  beating  them  up  toge» 
ther  with  the  instruments  generally  used  in  making  fine  moitar, 
Then  add  fourteen  pounds  of  bone-ashes  in  successive  poitionay 
mixing  and  beating  all  together.  The  quicker  and  more  pei^ 
frctly  these  materuils  are  mixed  and  beaten  together,  and  th* 
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tdoaertbe  cement  thus  formed  is  used,  the  better  it  will  be. 
As  this  cement  is  shorter  than  mortar  or  common  stucco,  and 
dries  sooner,  it  ought  to  be  worked  expeditiously  in  all  cases^ 
and  in  stuccoing  it  ought  to  be  laid  on  by  slidiii^  the  trowel 
upwards  on  it.  The  materials  used  along  with  it  m  building, 
or  the  ground  on  which  it  b  laid  in  stuccoin^^,  ought  to  be  well 
.wetted  with  the  lime-water,  at  the  instant  of  laying  it  on ;  and 
when  the  cement  requires  moistening,  lime-water  should  always 
bexised. 

The  proportions  above  given  are  intended  for  a  cement  made 
with  sharp  sand,  for  incrustation  in  exposed  situations,  where 
it  is  necessary  to  guard  against  the  effiscts  of  hot  weather  and 
nun.  In  general,  half  this  Quantity  of  bone-ashei  will  be 
found  sufficient;  and  although  tne incrustation  in  this  latter  case 
will  not  harden  deeply  so  soon,  it  will  be  ultimately  stronger, 
provided  the  weather  be  favourable. 

When  a  mortar  or  cement  of  a  fine  texture  is  required,  take 
nin^y-eight  pounds  of  the  fine  sand;  wet  it  with  the  lime- water, 
ami  mix  it  with  the  purified  lime  and  the  bone-ash  in  the  quan* 
titles  and  in  the  manner  above  described,  with  this  difierence 
only,  that  fifteen  pounds  or  thereabouts  of  lime  are  to  be  used 
instead  of  fourteen  pounds,  if  the  greater  part  of  the  sand  be 
veiy  fine.  This  cement  is  suitable  ror  the  last  coating  of  any 
work  intended  to  imitate  the  finer  grained  stones;  but  it  may 
be  applied  to  all  the  uses  of  the  first  mentioned  composition. 

When  a  mortar  or  cement  is  required,  which  shall  be  still 
cheaper  and  more  coarsely  grained,  much  coarser  sand  than 
the  coarsest  sort  already  spoken  of  may  be  made  use  of;  for  the 
ooaner  the  sand,  the  less  the  proportion  of  lime  which  will  be 
required.  For  example,  of  the  coarsest  sand  alluded  to  take 
fifi^^six  pounds ;  of  the  coarse  sand  which  passes  through  the 
meshes  of  a  sieve  one-sixteenth  of  an  inch  in  diameter,  twenty- 
ei^ht  pounds,  and  of  the  fine  sand  fourteen  pounds;  and  after 
mixing  these  and  wetting  them  with  lime-water,  in  the  manner 
already  described,  add  fourteen  pounds  or  somewhat  less,  of 
the  purified  lime,  and  then  fourteen  pounds  or  somewhat  leas  of 
the  Done-ash. 

When  these  cements  are  intended  to  be  white,  white  sand, 
white  lime,  and  tiie  whitest  bone*ash  are  to  be  chosen.  Grey 
sand,  and  gny  bone-ash  formed  of  half-burnt  bones,  are  to  be 
chosen  to  make  the  cement  grey;  and  any  other  colour  may  be 
obtained  either  by  chusing  coloured  sand,  or  by  the  admixture 
of  the  necessary  quantify  of  coloured  talc  in  powder,  or  of 
coloured  vitreous  oc  metallic  powders,  or  other  ingredients  of 
a  similar  nature. 
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These  cemients  are  applicable  in  fonnine  artificial  stone,  bj 
making  alternate  layers  of  the  cement  and  of  flinty  hard  stone, 
pr  brick,  in  moulds  of  the  figure  of  the  intended  stone;  the 
stones  thus  formed  being  exposed  to  the  open  air  to  harden,  but 
not  exposed  to  rain  till  tbey  aie  almost  as  strong,  as  fresh  JPort- 
land  stone.  They  may  be  made  very  hard  and  beautiful,  by 
soaking  them,  after  they  are  thoroughly  dry,  in  the  lime-water, 
and  repeating  this  process  several  times  at  distant  intervals. 
Incrustations,  also,  are  greatly  benefited  by  the  application  of 
lime-water,  the  entrance  of  which  is  facilitated  by  the  use  of 
bone-ashes  in  the  cement. 

When  any  of  the  above  cements  are  intended  to  be  used  for 
water  fences,  two-thirds  of  the  prescribed  quantity  of  booe* 
ashes  are  to  be  omitted,  and  an  equal  measure  of  powdered 
terras  used  instead;  and  if  the  sand  employed  be  not  of  the 
coarsest  sort,  more  terras  must  be  added,  so  that  the  terras  shall 
be  by  weight  one-sixth  part  of  the  weight  of  the  sand. 

When  a  cement  is  required  of  the  finest  grain,  or  in  a  fluid 
form,  so  that  it  ma^  be  applied  with  a  brush,  for  the  purpose 
of  smoothing  and  finishing  the  stronger  crustaceous  works^  or 
for  washing  waib  to  a  livdy  and  uniform  colour,  the  fine  pow« 
der  of  calcined  flints,  or  the  fiowder  of  any  auartsose  or  Jiaid 
earthy  substance  mav  be  used  in  the  place  ot  sand ;  but  in  a 

Sumtity  smaller  as  the  flint  or  other  powder  is  finer ;  so  thai 
e  powder  shall  not  be  more  than  six  times  the  weight  of  the 
lime,  nor  less  than  four  times  its  weight.  The  greater  the 
quantity  of  lime  within  these  limits,  the  more  the  cement  will 
be  apt  to  crack  by  quick  drying,  and  vice  vena*  For  washing 
walls,  the  cement  should  not  be  made  thicker  than  new  cream^ 
and  should  be  laid  on  briskly  with  a  brush,  in  dry  weather. 
Fine  vellow  ochre  is  the  cheapest  colouring  ingredient  for  snch 
a  wash,  when  it  is  required  to  imitate  Bath  stone,  or  the  warmor 
white  stones. 

Where  sand  cannot  be  procured,  any  durable  st<my  body^ 
or  baked  earth  grossly  powdered,  and  scnrted  as  if  it  were  mxldf 
may  be  used,  measure  for  measure,  but  not  weight  for  wti^f 
unless  the  same  bulk  of  the  gross  powder  be  the  same  as  that  of 
sand.  But  all  substitutes  for  pure  silicious  sand,  are  imperfect 
in  proportion  as  the  particles  of  which  they  are  composed^  an 
lets  hasd  than  those  of  thai  material.  The  scrapings  of  roads^ 
which  consist  principally  of  powdered  calcareous  stoaet  ^ 
<dd  mortar  and  other  rubbbh  from  ancient  buildings,  have  been 
more  strongly  recommended  than  they  deserve.  These,  and 
all  nuiddy,  aoft^  minutely  divkled  matim,  .require  a  lam  pro* 
portion  of  lime,  and.  never  possess  the  Imrdnen  and  duriibi* 
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lity  vbicb  belong  to  good  mortar.  Sea  sand,  well  washed 
in  fresk  water,  is  as  good  as  any  otlier  round  ssind,  but  if  ased> 
without  being  freed  from  salt,  the  mortar  made  with  it  ia 
eadremely  liable  to  be  damp. 

The  proportion  of  lime  may  be  increased  without  inconre* 
nience,  when  the  cement  or  stocco  is  lo  be  applied  where  it  is 
not  liable  to  dry  qatckly;  and  in  the  contrary  circumstance, 
this  proportion  may  be  diminished.     The  defect  of  lime  in 

Suantity  or  qnality,  is  best  supplied,  by  soaking  the  work,  at 
istant  intervals  of  time,  with  lime-water.     It  is  proper  to  mix 
hair  with  these  cements,  when  employed  for  interior  work. 

The  powder  of  almost  every  well  dried  or  burnt  animal  sub* 
stance  may  be  used  instead  of  bone»>ash. 

The  bone-ashes  facilitate  the  operation  of  plastering,  by 
increasing  the  plasticity  of  the  mortar  into  which  they  enter. 
They  also  render  the  mortar  less  liable  to  crack,  and  cause  it  to 
acquire  more  quickly  that  state  in  which  it  is  not  easily  injured 
by  uoexpected  rain.  If  employed  in  a  less  proportion  than 
one-fourth  of  the  lime,  they  are  of  little  use,  and  if  they  exceed 
the  lime  in  quantity  they  are  injurious  to  the  cement.  Hence 
the  use  of  them  sboaid  be  r^ulated  according  to  the  following 
oirolimstanoes :  when  the  artist  is  more  soUcitous  to  secure  ail 
incrustation  from  the  effect  of  hot  weather,  to  finish  it  quickly, 
and  to.  guard  it  against'  nun,  than  to  make  it  durable  in  th<> 
highest  degree,  he  may  use  as  much  bcMie^ashes  as  lime ;  but 
when  the  season,  exposure,  and  other  circumstances  permit  him 
to  attend  sold^  to  the  true  excdknce  and  duration  of  his  work,  ^ 
be  must  use,  in  his  best  calcareous  cements,  only  one  part  of 
bone-aahcs  for  every  four  parts  of  lime.  By  these  rules  he  may 
chute  intermediate  qoantities  adapted  to  his  purposes.  The 
bone-aahes  should  not  be  in  so  coarse  a  powder  as  they  are  when 
used  for  cuQels,  yet  they  should  by  no  means  be  levigated  or 
ground  to  extreme  fineness. 

By  sharp  sand,  is  meant  such  sand  as  consists  of  jmins  with 
flat  Surfaces;  these  flat  surfaces,  when  enveloped  and  cemented 
togetfier  by  the  lime  paste,  possess  a  much  stronger  cohesion 
than  if  the  grains  were  globular. 

Th^  preceding  method  of  making  mortar  or  stucco  difiers^ 
it  wifl  be  perceived,  from  the  common  process  in  several  essen« 
tial  partieidan;  among  which,  the  purity  and  sotting  of  the 
■and,  Uie  use  of  lim^woter,  the  newness  of  the  lime,  and  the 

ape  propoition  of  the  sand  to  the  lime,  ought  to  be  particu^ 
J  noticed.  It  may  be  useful  to  inquire  into  some  of  the 
tnuat  of  diflmnoes  of  pnctice  so  remarkable.  When  the 
•and  contains  much  day^  or  other  impurities,  the  bricklayers 
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find  that  flie  best  mortar  they  can  make,  most  cmilam  abooC 
Me^balf  lime,  and  in  conaeqnence  pronounce,  without  farther 
kiveftigation,  half  sand  and  half  lime,  to  be  the  beat  composi- 
tion. But  with  sand  requiring  so  much  lime,  thej  never  can 
make  durable  mortar,  though  of  this  fact  it  may  be  difficult  to 
convince  those  who  are  little  disposed  io  investigate  causes.  Too 
many  artizans  entertain  an  opinion  that  they  have  nothing  new 
to  learn  which  is  worth  notice;  they  are  apt  in  efliecttosay,  that 
having  served  an  apprenticeship  to  their  business  th^  09tgki  to 
know  sameihifig;  and  thus,  because  they  aught  io  kmaw  same^ 
thing,  they  seem  to  expect  submission  to  their  very  errors. 
But  those  who  consider  the  interest  of  their  employers,  and  that 
the  warmth,  dryness,  and  salubrity  of  a  hottse,  so  &r  as  the 
building  is  concerned,  is  completely  in  their  power,  will  not 
despise  any  hint  which  may  extend  their  resources. 

It  is  a  common  fault  to  build  lime^kilns  so  high,  that  at  the 
Iiottom  of  the  cavity,  the  lime  is  ready  perhaps  eighteen 
hours  before  that  in  the  upper  part,  and  is  greatly  injured  by 
ita  exposure  to  the  draft  of  air  passing  through  the  fire.  Lime* 
kilns  ought  to  be  made  much  broader  and  shallower  than  cut* 
tomary,  with  the  cavity  tapering  upwards,  and  should 
terminate  in  a  lofty  flue,  in  order  io  accelente  the  camboition^ 
when  re<}uired,  by  a  quick  current  of  air.  Calcareous  stonee 
acquire  m  the  most  eminent  degree  the  properties  of  lime,  when 
thcgr  are  slowly  heated  in  small  fragments  of  uniform  siie, 
until  they  appear  io  glow  with  a  white  heat,  and  thb  is  oonti* 
fined  until  they  become  non^flervescent  if  steeped  in  an  acid. 
The  art  of  preparinia;  lime  consists  chiefly  in  attending  to  these 

Erticulars.  Tne  whiteness  of  lime  shows  it  to  be  free  fmn  metal* 
impregnation.  Merely  to  keep  lime  dry  is  notenoi^to 
preserve  it ;  it  grows  worse  for  mortar  every  di^  it  is  kept  in 
iieaps  or  untight  casks,  and  is  soon  reduced  nearly  to  the  stale  of 
chalk.  It  may  be  greatly  debased,  without  slaking  sensiMy, 
and  such  parts  or  fragments  as  fail  to  powder  merely  by  expo* 
sure  to  the  air  are  unfit  for  mortar.  It  has  been  found  by 
experiment  that  lime  will  absorb  on^fourth  of  its  weiglit  of 
water,  and  yet  remain  perfectly  dry.  Bishop  Watson  muKly 
that,  upon  an  average,  every  ton  of  limestone  produced  eleven 
hundred  weight,  one  quarter,  and  four  poundi  of  lime,  weighed 
before  it  was  cold ;  and  that,  when  exposed  to  the  air,  it  in- 
creased in  weight  daily,  at  the  rate  of  a  nundred  weight  per  ton, 
for  the  first  five  or  six  days  after  it  was  drawn  from  the  kiliu 
Hence  those  who  have  io  fetch  lime  from  great  dislanoes  maj^ 
pave  even  in  point  of  cartage,  by  receiving  it  as  it  is  taken  out 
of  the  kiln.  • 


BUILDING. 


$05 


Drying  of  mortar. 


Mortar  which  sets  without  cracking,  whether  this  be  owing 
tothe  due  proportion  of  sand,  or  to  the  slow  exhalation  of  tlie 
water  from  mortar  containing  less  sand,  never  cracks  afterwards^ 
whatever  its  faults,  in  other  respects,  may  be.  As  it  is  the  lime 
paste  and  not  the  sand  which  contracts  and  produces  fissures  in 
drying,  so  the  more  sand  there  is  in  the  composition,  the  less 
the  cracks  will  be  seen.  Moftar  which  is  liable  to  cracky 
becomes  irreparably  injured  by  frequent  alternations  of  wetting 
nod  fteexing;  for  the  water  imbibed  by  the  smallest  fissures^ 
dtbiling  as  it  congeals,  loosens  its  whole  texture.  Where  it  is 
eompowdof  seven  parts  of  sorted  sand,  to  one  of  lime,  it  is 
not  disposed  to  cracL. 

That  mortar  may  become  indurated  the  soonest  and  in  the 
highest  degree,  and  operate  the  most  effectually  as  a  cement,  it 
must  be  snflered  to  dry  gently  and  set;  the  exsiccation  ai  it 
most  be  effected  by  temperate  air,  and  not  accelerated  by  the 
heat  of  the  sun  or  fire.  It  must  not  be  wetted  till  after  it  sets; 
and  afterwards  it  ought  to  be  protected  from  wet  as  much  as 
possible,  until  it  is  completely  indurated;  the  absorption  of 
carbonic  acid  mast  be  prevented  ag  much  as  possible  till  the 
mortar  is  finally  placed  and  quiescent,  and  thm  it  mast  be  as 
freely  exposed  to  the  open  air  as  the  work  will  admft,  in  oirder 
to  supply  carbonic  acid,  and  enable  it  sooner  to  sustain  the 
triab  to  which  mortar  is  exposed  in  cementitious  buildings  and 
incrustations.  To  show  more  clearly  how  much  our  slight 
buHdings  are  weakened  by  the  agitations  and  percussions  to 
which  they  are  exposed,  first  in  erecting  the  walls  and  settling 
the  timbers,  and  then  in  driving  those  wedges  io  which  the 
wainscots,  mantle-piecesj  and  other  ornaments  are  fastened,  we 
must  observe,  that  the  absorption  of  carbonic  acid  by  mortar 
eontribntes  nothing  to  the  strength  of  it,  if  it  enter  before  it  is 
finally  fixed  in  a  quiescent  state.  A  little  experience  is  sufficient 
to  teach  us,  that  tne  same  matter  which  assists  in  the  induration 
of  mortar,  never  serves  to  repair  the  fissures,  or  solution  of  con- 
tinuity between  the  bricks  and  cement,  which  happens  after  it 
is  set.  When  mortar  is  set,  and  before  it  is  indurated,  it  may 
be  easily  severed  from  the  bricks  and  crumbled ;  and  for  want 
of  soAness,  it  cannot  bend  into  the  fissures,  or  resume  its  finrmer 
condition  in  any  time.  Hence  by  heavy  blows,  and  in  wedg» 
ing,  our  walls  must  be  greatly  weakened ;  and  tlie  more  so,  as 
the  bouses  are  slight,  quickly  built,  and  hastily  finished. 

Nothing  is  more  common  than  for  bricUayeis  to  keep  their 
inortar  some  time  exposed  io  the  air  in  heaps,  before  Aey  con« 
aider  it  proper  to  use;  a  practice  which  may  perhaps  be  ac« 
counted  tor,  if  we  conskler  that  some  portions  of  every  Und  of 
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lime  uaed  in  I  his  country,  do  not  slake  freely,  by  reason  of  their 
not  being  sufficiently  burned,  or  of  the  admixture  of  gypseous 
or  argilkceous  matter;  which  portions,  like  marl,  slake  in  time^ 
though  not  so  quickly  as  the  purer  lime.  The  plasterers,  who 
use  a  finer  kind  of  mortar,  made  of  sand  and  lime,  obsctre 
that  their  stucco  blisters  if  it  contain  small  bits  of  unslaked  lime^ 
and  as  smoothness  of  surface  is  with  them  of  more  consequence 
than  excessive  hardness,  tbe^  take  care  to  secure  the  perfect 
slaking  of  their  lime  by  allowing  sufficient  time  for  the  impec£sct 
parts  to  be  penetrated  by  the  moisture.  The  bricklayers,  trust* 
ing,  perhaps,  move  to  the  judgment  of  the  plastereis,  in  tUs 
respect,  than  to  their  own,  and  considering  it  very  conTenient  to 
•lake  a  large  quantity  of  lime  at  once,  fallow  the  same  practice, 
without  caring  for  or  apprehending  the  real  fiict,  that  mortar  is 
worse  for  every  hour  it  is  kept,  and  that  they  are  taking  sndi 
measures  as  will  prevent  it  from  ever  acquiring  that  degree  of 
hardness  in  which  its  perfection  consists. 

Among  the  circumstances  which  oontribute  to  the  speedy 
ntin  of  modem  buildings,  it  may  also  be  observed,  that  mortar 
made  with  bad  lime^  and  a  great  excess  <»f  it,  is  used  with  dry 
bricks,  and  not  unfrequenUy  with  warm  ones.  These  im* 
mediately  unbibe  or  dissipate  much  of  the  water,  and  as  the 
cement  approaches  nearer  to  be  dry,  whilst  it  is  still  liable  to 
be  displaced  by  the  percussions  of  the  workmen,  render  it  Utile 
better  than  equivalent  to  a  mixture  of  sand  and  powdered  chaUu 
To  make  strong  work,  the  brioks  ought  to  be  soaked  in  limo- 
water,  and  freed  from  the  dust  with  which  they  are  commonly 
covered.  By  this  means  the  bricks  are  rendered  closer  and 
harder,  the  cement,  by  setting  slowly,  admits  the  motion  which 
the  bricks  reoeive  when  the  workman  dresses  them,  withont  beMu; 
unpaired,  and  it  adheres  and  indurates  more  perfectly.  This 
steeping  of  the  bricks  is  an  imitation  of  the  pmctice  of  the 
plasteros,  who  always  wet  the  wall  before  they  commence  their 
work,  becanse  thev  know  the  cement  will  not  otherwise  adhemw 
This  ought  to  be  done  as  lon^  as  the  wall  is  thirsty,  and  lim» 
water  is  the  nsdst  proper  liquid  they  can  lise.  The  same  advan^ 
tage  that  attends  the  soaking  of  bricks,  would  attend  the  soab 
ing  of  bibulous  stones  in  lime*water. 

Moitar  made  with  mud  containing  one^eveath  or  one-eighth 
of  fat  dav,  moulders  in  winter  like  marl;  a  circumstance  wbick 
proves  the  propriety  of  freeing  froro^clay  the  sand  used  in 
mortar.  The  washing  performed  for  this  purpose,  will  be  found 
m  very  ciieap  operation,  even  in  cities,  if  tne  water  which  earrim 
off  tM  day  be  directed  into  a  reoeplaele  where  it  may  be  d» 
pumted  bj  snhiidaMe  for  rqiealcd  use. 
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Chalk  lime  may  be  easiljrprepaied,  so  as  to  be  fally  equal  if 
not  siqierior  to  stone  lime.  The  reasoo  whj  this  is  not  generally 
thought  to  be  the  case  probably  is,  that,  not  being  of  so  close  a 
texture,  it  is  sooner  spoiled  by  the  absorption  of  carbonic  acid, 
vheaei^posed  to  the  atmosphere  after  it  is  made.  A  cask  of 
chalk  lime  should  therefore  never  be  opened  till  the  moment  it  is 
to  be  slaked,  and  the  greatest  expedition  should  be  used  in  the 
flaking,  and  in  the  making  and  applying  the  mortar  to  use.  In 
the  quiescent  air  of  a  room,  a  pound  avoirdupoise  of  chalk 
lime,  becomes  two  ounces  and  a  naif  heavier  in  two  days;  and 
nearly  the  whole  of  this  increase  of  weight,  consists  of  the 
carbonic  acid  which  it  has  imbibed  from  the  atmosphere. 

The  fittest  water  for  making  mortar,  is  rain  water;  river 
water  holds  the  next  place,  land  water  the  next,  spring  watei 
the  last;  sea  water,  and  all  waters  noted  medicinally  or  other* 
wise,  for  their  saline  contents,  ought  never  to  be  used  for  this 
purpose. 

The  oompoeiUons  mostly  used  for  stuccoing  within  doors,  art 
incapable  ot  hardening  considerably,  and  when  they  are  laid 
on  tb^  naked  walls,  soon  become  tarnished,  unsightly,  and  in« 
convenient,^  by  the  damps  which  workmen  call  sweating.  Some* 
times  these  damps  are  occasioned  by  the  bad  construction  of  the 
walls,  the  joints  of  the  fiicing  bricks  having  become  hollow  by 
the  decay  of  the  mortar,  or  when  the  copings  or  gutters  are  de* 
Active :  a  damp  by  transpiration  also  occurs  when  the  principal 
walls  are  stuccoed  before  they  are  dried,  or  when  the  matormls 
of  them  are  so  spongy  as  to  imbibe  the  rain,  and  th.e  ciiculatioa 
of  air  b  not  sufficient  to  waft  away  the  transuding  moisture. 
The  damp  by  condensation  is  also  very  common,  and  appeals 
most  on  the  ckisest  incrustations,  however  periect  and  old  the 
walls  npay  be.  In  such  instances  the  damp  is  owing  ^to  the 
closeness  of  the  body,  and  a  stucco  pervious  in  a  certain  dcgwb 
to  air  and  moisture,  will  be  free  firom  it,  as  well  as  from  the 
damp  before  mentioned.  The  customary  mode  of  avoiding 
these  damps,  is  to  case  the  principal  walls  of  houses  with  lath« 
work,  on  which  the  incrustation  or  plaster  is  laid  at  some  dis« 
tanoe  firom  the  wall.  The  narrowing  of  rooms  and  passages  veiy 
perceptibly  is  the  consequence  of  &is  method,  besides  its  ex« 
pense.  JBipne-ashes,  each  grain  of  which  is  tubulated  in  every 
Aiection,  added  to  the  stucco  in  half  the  quantity  of  the  Ume^ 
are  apreveativ^  of  these  damps  without  lathwork. 

Tne  drying,  induration,  and  texture  of  incrastations  made 
en  brick  walls  and  other  irrqpilar  surhces,  are  always  so  fiur  an* 
equal  as  to  exhibit  visible  traces  which  deform  tke  work,  and 
cannot  be  efiectually  obliterated  by .  any  knowa  method  so  coni 
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renient  as  (hat  of  corering  the  first  coane  incnulation,  after  it 
bag  dried,  with  another  coat  which  may  be  made  finer  and 
smoother.  Thus  the  expense  of  fine-grained,  smooth,  or  cohmr* 
ed  stucco  is  rendered  moderate;  because  the  finer  ot  the  oolonr* 
Ing  ingredients,  may  be  reserved  for  the  exterior  coat,  whidi 
wUl  last  for  ages,  if  the  cement  be  good.  « 

To  tinge  a  cement  sufficientij,  of  any  cokmr  which  is  not 
found  in  sand,  so  that  the  incrustation  shall  not  be  irapniied^ 
and  that  the  colour  shall  be  as  durable  as*  the  cement,  the  most 
proper  ingiedients  which  can  be  used  in  lieu  of  sand,  or  of  pavt 
of  it,  are  coloured  glasses  or  coloured  stones  of  the  bftrdest  kind^ 
beaten  to  coarse  powder;  the  finer  parts  of  wbich  ase  to  bt 
washed  away,  not  merely  because  they  are  injurious  to  the 
cement,  but  because  they  contribute  Toy  littk  to  the  intended 
colour. 

Stucco  made  as  good  as  can  be  with  lime,  sand,  and  lime* 
water,  b  iiot  bettered  by  painting  as  soon  as  it  dries;  as  this 
covering  retards  the  induration  of  it,  by  cutting  oflF  its  com- 
munication with  the  ain  It  therefore  renders  it  liable  to  be 
mepambly  injured  in  wet  weather,  whenever  the  water  can  get 
behind  the  paint.  If  paint  or  oil  ought  ever  to  be  applied  on 
such  stucco,  it  ought  not  to  be  laid  on  in  less  than  a  year  aliar 
the  incrustation  is  made.  Tbe  painting  and  sanding  of  the 
common  defectire  incrustations,  contribiUe  renr  little  to  their 
duration,  although  it  hardens  them  at  the  surnioe;  for  it  does 
not  efiectually  prevent  them  from  cracking,  and  it  avails  very 
little  to  paint  the  cracked  stucco  again,  Imause  cracked  stucco 
isalwavs  hollow,  as  the  workmen  term  it,  that  is,  it  parts  from 
the  wall  in  the  parts  contiguous  to  the  cradks,  sounds  hoUow  on 
being  strudE  with  the  knuckle,  and  fidb  edf  in  a  few  yeaas,  if  it 
be  so  thick  and  huge  in  extent,  as  to  break  the  adhering  poitions 
by  its  weight 

Mortar  made  of  sand,  water,  and  lime,  whatever  may  be  the 
proportions  of  the  mixture,  cannot  be  employed  in  aquedncta, 
feservoirs,  and  other  aquatic  buildii^gs,  unlen  suflkient  time  be 
allowed  for  its  perfect  induration  Mbre  tbe  admisaian  of  tbe 
water;  but  when  mixed  up  with  a  quantity  of  terras,  as  already 
slated,  it  acquires  the  desirable  property  of  hardening  under 
water.  A  few  additioiial  renaflkson  tnis  subject  will  perhaps  be 
acceptable.  A  mortar  made  of  terras  powder  and  lime  waa 
used  in  urater  ftnces  by  the  Romans,  aiid  has  been  mierally 
cmpioTCd  in  such  structum  ever  since  their  time.    As  it  sets 

ittickjy,  and  when  set  is  impenetrable  to  water,  some  people 
ave  hastily  concluded  that  it  is  the  best  kind  of  mortar  for  anj 
pnrpoae.    But  it  is  found  by  experience,  that  moitar  made  of 
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terras  powder,  whether  coarse  or  fine,  will  not  grow  so  hard  as 
mortar  made  with  lime  and  sand,  nor  endure  the  weather  so 
well;  on  the  contrary,  it  is  apt  to  crack  and  perish  in  the  open 
air.  Its  efficacy  in  water  fences  is  experienced  only  where  it  is 
always  kept  wet,  and  seems  to  depend  principally  upon  the 
property  which  the  powder  of  terras  has,  in  common  with 
other  argillaceous  bodies,  but  in  a  higher  degree,  of  expediting 
the  ciystallization  of  the  calcareous  matter,  by  imbibing  the 
water  in  which  it  is  diffused  in  the  mortar,  and  of  swellmg, 
during  this  absorption,  so  much  as  to  render  the  mortar  im* 
penetrable  to  any  more  water.  It  seems,  also,  that  an  acid  of 
the  yitriolic  kind,  which  is  contained  in  terras,  contributes  to 
the  speedy  setting  of  the  cement,  by  reducing  a  part  of  the  lime 
to  the  condition  of  gypsum.  Terras  is  a  volcanic  productioui 
consisting  chiefly  of  clay  and  oxide  of  iron  indurated  together; 
and  bakra  clay,  reduced  io  powder,  communicates  to  mortar 
properties  of  a  similar  kind. 

Pozzolana  is  another  volcanic  production  difiering  little  from 
terras,  as  io  the  effect  it  produces  in  mortar.  It  is  thrown  out 
of  volcanoes  in  the  form  of  ashes,  and  is  found  in  many  countries, 
bot  most  abundantly  in  the  kingdom  of  Naples.  The  cement 
used  by  Smeaton,  in  the  construction  of  the  Eddystone  light* 
house,  was  composed  of  equal  parts  by  measure  of  lime  and 
pocsolana;  a  mixture  which  was  deemed  the  most  proper,  as  the 
building  was  exposed  to  the  utmost  violence  of  tne  sea;  but  a 
composition  exceedingly  proper  for  aquatic  works  in  general, 
may  be  composed  of  two  parts  of  lime,  one  of  pozasolana,  and 
three  of  clean  sand. 

It  has  lately  been  discovered,  that  manganese  is  a  valuable 
ingredient  in  water  cements,  if  used  in  the  following  manner ; 
mix  together  four  parts  of  gray  clay,  six  of  the  black  oxide  of 
manganese,  and  nmety  of  good  limestone  reduced  to  fine  pow« 
der ;  then  calcine  the  whole  to  expel  the  carbonic  acid.  When 
tills  mixture  has  been  well  calcined  and  cooled,  it  is  to  be 
work^  into  the  consistence  of  a  soft  paste  with  sixty  parts  of 
washed  sand.  If  a  lump  of  this  cement  be  thrown  into  water^ 
it  will  harden  immediately. 

Of  Brick  Bond  and  WaOing. 

When  a  brick  is  laid  mo  that  its  length  is  in  the  difection  of 
the  length  of  the  wall,  it  is  called  a  sirdcher,'  and  when  its 
lens^h  crosses  that  of  the  wall,  it  is  called  a  header. 

The  term  band  is  applied  to  any  disposition  of  the  bricks, 
by  which  the  continaity^  in  n  straight  Unei  of  the  joints  of  » 
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vail  18  interrupted.  It  is  obvious  that  a  bond  may  be  adopted, 
which  will  interrupt  the  rectilinear  direction  of  both  the  honion* 
tal  and  vertical  joints  of  the  face  or  section  of  a  wall ;  but  in  the 
two  kinds  of  bond  which  have  hitherto  prevailed,  the  horiaon- 
tal  joints  are  continued  in  the  same  line  round  the  whole  building, 
and  the  vertical  ones  only  interrupted.  When  the  wall  is  only 
intended  to  be  half  a  brick,  or  four  inches  and  a  half  in  thick- 
ness, the  whole  of  the  bricks  are  laid  so  as  to  form  stretchers, 
that  is,  their  length  is  laid  in  the  direction  of  the  length  of  the 
wall,  and  the  bond  is  obtained  simply  by  making  the  vertical 
joints  in  every  course  exactly  opposite  the  middle  of  the  bricks 
alx>ve  and  below.  But  when  the  wall  is  intended  to  be  the 
length  of  a  brick  or  more  in  thickness,  it  would  be  apt  to  split 
into  parts  if  it  consisted  only  of  two  or  more  walls  separate- 
ly bonded  as  in  the  instance  just  mentioned  of  the  half  brick 
wall.  The  bricks,  therefore,  in  thick  walls,  must  be  connected 
in  their  breadth  as  well  as  their  length,  and  this  is  done  accord* 
ing  to  two  principal  modes,  one  of  which  is  called  English, 
tiie  other  Flemish  bond. 

Enriish  bond  consists  of  headers  and  stretchers  crossing  each 
other  u  separate  horizontal  courses.  In  Flemish  bond,  the 
headers  and  stretchers  are  placed  altematdy  in  the  same  horizon- 
tal  course.  Flemish  bond  is  now  so  common,  that  hardly  any 
other  kind  is  to  be  seen;  it  is  preferred  for  its  appearance,  to  the 
Enelish,  which  is  much  superior  in  point  of  strength  and  in 
(acuity  of  execution.  Many  attempts  have  been  made  to  unite 
Flemish  faciujgs  with  complete  bond,  but  without  success. 
Some  have  laid  thin  slips  of  iron  occasionally  in  the  horizontal 
joints  between  the  two  courses;  and  others  have  laid  diagonal 
courses  of  bricks  in  the  core  of  thick  walls,  so  as  to  cross  each 
other  at  right  angles  in  successive  courses.  By  the  latter  means, 
though  the  bric^  in  the  middle  of  the  core  have  a  strong  bond, 
yet  as  they  form  triangular  interstices  with  the  bricks  on  each 
side,  the  bond  of  the  whole  wall  is  very  incomplete.  As  the 
adjustment  of  the  bricks  in  one  course  must  dmend  on  the  course 
beneath,  the  latter,  in  making  Flemish  bond,  must  be  seen  or 
recollected  by  the  workman.  The  view  of  the  joints  of  the 
under  course  is  hbdered  by  the  mortar  with  wnich  they  are 
covered,  to  bed  the  bricks  of  the  succeeding  course  upon,  and 
it  is  perplexing  for  the  workman  io  recoitoct  the  arrangement 
of  them,  so  that  he  is  in  danger  of  making  the  joints  frequently 
to  correspond,  and  thus  tendering  the  bond  imporfeot.  In  the 
old  EnElish  bond,  the  outside  of  each  course,  points  out  the 
proper  dispositiKHk  of  the  next,  so  that  it  is  diflicult  for  the  woik- 
man  to  err. 
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The  following  plans  of  walls  in  English  bond,  which  well 
deserves  to  be  revived  in  this  country,  will  rend^  this  subject 
more  intelligible: 

Fig.  3,  pi.  I.  is  the  bond  of  a  nine-inch  wall.  In  order 
that  two  vertical  joints  may  not  run  over  each  other,  at  the 
end  of  the  first  stretcher  from  the  corner,  after  placing  the 
letam  comer  stretcher,  which  becomes  a  header  in  tne  face  that 
the  stretcher  is  in  below,  half  the  length  of  which  it  covers, 
a  half  brick  is  placed  on  its  side,  so  that  with  the  return  corner 
stretcher,  it  extends  six  inches  and  three  quarters^  and  thus  a 
lap  of  two  inches  and  a  Quarter  is  obtained  for  the  next  header; 
and  the  bond  is  continued  by  working  up  the  wall  with  alternate 
rows  of  headers  and  stretchers  mutually  crossing  each  other. 
The  half  brick,  or  brick-bat,  thus  introduced,  is  called  a  chser^ 
and  must  be  divided,  it  will  be  understood,  through  its  two 
broadest  surftices,  in  the  direction  of  their  length.  The  same 
effect  might  be  obtained  by  the  introduction  of  a  three-quarter 
brick  at  the  comer  of  the  stretching  course,  for  then  when  the. 
comer  header  is  laid  over  it,  a  lap  of  two  inches  and  a  quarter 
wiU  be  )dt  at  the  end  of  the  stretchers  below  for  the  next  header, 
the  middle  of  which,  when  laid,  will  be  over  the  joint  be-, 
low  the  stretcher,  and  thus  constitute  a  bond  as  before. 
The  brick  for  the  three-quarter  bat,  or  closer,  must  be  di- 
vided through  its  two  broadest  surfaces,  in  the  direction  of 
their  breadth. 

Fig.  4,  represents  the  English  bond  of  a  brick  and  a  half 
or  fo  arteen*inch  wall.  Here  the  stretching  course  is  so  disposed, 
that  the  middle  of  the  breadth  of  the  bricks  in  the  same  layer 
or  level,  falls  alternately  upon  the  middle  of  the  stretchers,  and 
upon  the  joints  between  the  stretchers. 

Fig.  5,  represents  the  English  bond  of  a  two-brick  wall. 
To  break  the  joints  in  the  core  of  the  wall,  ever^  alternate  header, 
in  the  heading  course,  is  onhr  half  a  brick  thick. 

Fig.  6,  represents  the  English  bond  of  a  wall  two  bricks 
and  a  half  in  thickness.  The  disposition  of  the  bricks  is  simi- 
lar to  that  ci  those  in  the  hist  example. 

Fig.  7,  part  of  the  front  of  a  wall  in  English  bond,  the 
unbroken  sioe  being  the  corner. 

Fig.  8,  the  Flemish  bond  of  a  nine-inch  wall.  Two  stretchers 
lie  between  two  headers ;  and  bricks  being  twice  as  long  as  ther 
are  broad,  the  breadth  of  the  two  stretchers  is  eaual  to  the  length 
of  the  header,  which  is  the  whole  thickness  of  the  wall.  The 
dotted  Imes  show  the  disposition  of  the  bricks  in  the  second 
comie. 
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Fig*  9,  the  Flemish  bond  of  a  brick  and  a  half  or  fourteen- 
inch  wall.  On  one  side  the  bricks  are  laid  as  in  the  hut  exam- 
ple, and  on  the  other  side,  half  headers  are  placed  opposite  the 
middle  of  the  stretchers,  and  the  middle  of  the  stretchers  oppo- 
site the  middle  of  the  end  of  the  headers. 

Fig.  10,  another  example  of  Flembh  bond,  for  a  wall  of  the 
same  thickness  as  the  last.  Here  the  disposition  of  the  bricks 
is  alike  on  both  sides  of  the  wall,  the  tail  of  the  headers  being 
placed  contiguous  to  each  other,  an  arrangement  that  produces, 
in  the  core  of  the  wall,  square  spaces,  which  must  be  nlled  with 
half  bricks. 

Fig.  1  ] ,  part  of  the  front  of  a  wall  in  Flemish  bond,  reach- 
ing on  one  siae  to  the  comer. 

Fir.  1,  9,  d,  and  4,  pi.  II.  exhibit  plans  of  brick  piers  in 
Flemish  bond.  No.  1,  in  each  figure,  shows  the  bottom  course, 
and  No.  9  the  upper  course ;  or,  which  amounts  to  the  same 
thing,  No.  9  may  be  considered  the  lower  course,  and  No*  1  will 
then  be  the  upper  one. 

Fig.  1,  is  a  pier  two  bricks,  that  is,  eighteen  inches  s<^iiaie; 
ibr  in  speaking  of  the  thickness  of  a  wall  or  pier  as  consisting  of 
so  many  bricks,  fhe  length  of  a  brick  is  always  to  be  understood* 

Fig.  9,  a  two  and  a  half  brick  piert 

Fig.  3}  A  pier  three  bricks  square. 

Fig«  4,  a  pier  three  bricks  and  a  half  square. 

Before  we  take  leave  of  the  subject  of  bond,  we  must  lemaik, 
that  a  patent  has  very  lately  been  taken  out,  by  Moore  and  Co. 
of  London,  for  a  yertical  bond,  which  is  intended  to  supersede 
the  use  of  the  bond  timbers  introduced  to  secure  the  equal  set* 
tlement  of  the  wall.  In  case  of  fire,  when  the  bond  timbers 
of  a  house  are  consumed,  the  falline  of  the  wall  almost  necessa- 
rily follows.  The  patentees,  therefore,  instead  ol  these  timbers, 
place  rows  of  bard  strong  bricks  perpendicularly  in  the  middle 
pf  their  walls,  at  short  distances  from  each  other  in  height  ai 
wdl  as  horizontal  measurement,  and  they  place  each  row  of 
perpendicular  bricks  in  such  a  manner,  as  to  be  opposite  the 
miadje  of  the  space  between  the  row  standing  in  the  same  posi» 
tioD  immediately  above  or  below  it  This  plan  for  obtaining 
a  vertical  bond,  seems  new  and  ingenious,  and  is  applicable^ 
as  indeed  the  patentees  observe^  to  stone  walls,  as  well  as  to  those 
of  brick. 

Fig.  6,  represents  a  straight  arch,  which  is  usually  made 
the  height  of  four  courses  ofotick;  but  in  considerable  buikU 
logs,  it  may  with  great  propriety  be  made  the  height  of  five 
ppmses.    Thp  inaoner  of  drawing  the  joints  of  a  stnught  avcb 
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wHl  be  erident  from  an  inspection  of  the  fi^re.  The  joints  of 
the  arch-stones  most  all  be  made  to  lie  in  a  direct  line  to  the 
point  C.  The  point  C  is  easily  obtained,  as  it  is  as  far  from  the 
points  A  and  B,  (which  are  separated  by  the  whole  breadth  of 
the  aperture,)  as  A  and  B  are  from  each  other.  Hence  It  will 
be  perceived  that  ABC  form  an  equilateral  trian^e.  To  key 
the  arch  in,  it  is  usual  to  have  a  brick,  and  not  the  joint  between 
two  bricks,  in  the  centre ;  and  therefore  the  division  of  the  arch 
mast  be  managed  accordingly.  Though  the  brick  in  the  mid- 
dle (apen  more  in  the  same  len^h  than  the  extreme  bricks,  yet 
as  the  difference  is  very  small,  it  is  disregarded,  from  the  great 
convenience  of  drawing  all  the  bricks  with  the  same  mould. 
It  may,  however,  be  observed,  that  the  real  taper  of  the  mould 
may  be  a  medium  between  that  required  for  the  middle  and  that 
for  either  extreme  distance.  But  whether  this  be  done  or  not, 
the  defect  will  not  appear  in  practice. 

Fig-  6,  a  scheme  arch,  one  brick,  that  is,  nine-inches  high. 

Fig.  7,  a  semi-circular  arch,  one  brick  high. 

Fig.  8,  an  elliptical  arch,  one  brick  high,  the  top  of  which 
is  divided  into  equal  parts,  and  not  the  tin£r  side,  it  is  struck 
from  three  centres,  A,  B,  and  C. 

The  arches  delineated  in  the  last  three  figures  are  often  made 
a  brick  and  a  half  or  even  two  bricks  high ;  but  for  crowninfir 
the  apertures  of  ordinanr  dwellings,  the  height  of  one  brick  is 
deemied  sufficient,  both  K>r  stability  and  appearance.  In  arches 
of  one  brick  hieh,  it  is  evident,  there  is  no  necessity  for  a' 
joint  following  the  course  of  the  arch  in  every  alternate  In^ick. 
Accordingly,  the  joint  is  generally  a  false  one,  being  merely  a 
nick  of  iStle  depth  cut  with  the  tm-saw,  and  is  made  as  a  kind 
ai  decoration,  as  it  ^ves  the  arch,  when  pointed,  as  well  as  the 
real  joints,  with  white  plaster,  a  more  lively  appearance. 

^ig.  9^  a  plan  of  Tapper's  improved  method  of  groining. 
The  improvement  consists  in  raising  the  an^es  from  an  octa^ 
gonal  pier  instead  of  a  square  one.  By  this  means,  the  angles 
of  the  groins  are  strengthened  by  carrying  the  band  round  the 
diagonals  of  equal  brndth,  thus  afibrding  better  bond  to  the 
bricks,  which  are  usually  so  much  cnt  away,  that  instead  of 
l^lving  support,  they  are  themsdves  supjiorted  by  the  adjacent 
nlling«in  arches.  The  angles  of  sauare  piers  are  also  often  verv 
inconvenient  in  cellars,  by  hindering  the  turning  of  goods 
roand  the  comer. 

In  diffintent  parts  of  the  country,  it  will  naturally  be 
supposed  that  many  diferenccs  of  practice  will  prevail  in  the 
details  of  building.  Several  of  these  difierences  originate  in 
local  peculiaritieB  of  materialS|  of  one  kind  or  another,  but 
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there  is  one  not  belonging  to  this  dass,  respecting  which  we 
might  have  expected  to  find  a  yerj  ^neral  unifonnity  of  prac* 
tice.  In  London,  and  a  wide  district  around,  the  scafiblding 
for  the  workmen,  in  erecting  the  walk  of  a  boildin?,  is  external ; 
but  in  Liverpool,  and  several  other  parts  of  Lancashire,  and 
adjacent  counties,  the  scaffolding  is  wholly  within  the  building, 
whatever  may  be  its  size  or  consequence.  On  the  merits  of 
either  plan  we  shall  not  offer  a  decisive  opinion,  yet  we  may 
remark,  that  external  scafiblding  is  not  only  the  most  expen- 
sive, but  has  an  air  of  insecurity  to  the  workman,  and  of 
incoropactness,  which  is  unpleasant  to  the  observer,  especially 
when  be  is  aware  that  such  cumbersome  appurtenances  may  be 
dispensed  with.  In  populous  towns,  or  confined  places,  also, 
the  incroachment  of  external  scaffolding  upon  the  street,  is  nol 
a  trifling  inconvenienoe,  particularly  as  tne  bricks  and  other 
materiak  must  be  at  some  distance  bqrond  its  limits,  to  prevent 
accidents.  Interior  scaffolding,  on  the  contrary,  being  sup- 
ported on  the  joists  of  each  floor  as  the  work  procmis,  is  erected 
with  little  trouble  or  expense,  the  workman  marks  his  joints 
with  as  much  ease  and  regularity  as  if  he  were  at  the  outside, 
such  a  thing  as  a  fidling  brick  or  splinter  is  hardly  known, 
and  the  bricks  and  other  materials  may,  if  necessary,  be  laid 
close  to  the  wall,  so  as  to  occasion  little  inconvenience  in 
the  street. 

To  obtain  the  desirable  requisite  of  dry  walls,  we  have 
already  observed,  that  the  usual  resort  is  the  use  of  interior  lath* 
work,  and  have  adverted  to  the  means  of  preventing  this  ex- 
pense, by  a  proper  composition  of  the  mortar  or  stucco.  Ano» 
ther  expedient  in  common  use,  intended  to  secure  the  dryness 
of  the  walls  when  lathwork  is  deemed  too  expensive,  consists 
in  leaving  a  portion  of  the  bricks  in  the  core  or  middle  of  the 
walls,  without  moitar  from  the  top  to  the  bottom.  The  inter- 
stices thus  left,  serve,  in  some  measure,  the  same  purpose  as 
the  space  between  the  lathwork  and  the  bricks.  Perhaps  the 
lefereoce  to  a  figure  may  nudie  the  nature  of  the  plan  mate 
easily  apprehended.  In  the  nine-inch  wall,  fig.  8.  pi.  I.  the 
longituainal  joint  a  fr,  and  the  middle  third,  or  from  e  to  /« 
of  the  transverse  jobt  c  d!|  would  be  left  without  moitar;  and 
the  same  thing  is  done  to  all  the  other  joints  or  portions  of  joints 
similarly  situated.  By  this  contrivance,  the  bond  of  the  wall  is 
greatly  weakened ;  but  strength,  it  will  be  perceived,  k  not  tlia 
object  of  it;  the  walls  in  the  inside  are  drier,  they  look  as  wdl^ 
the  house  will  let  for  as  high  a  rent  asa  stronger,  nnd  its  insta^ 
bility  k  left  for  the  purchaser,  or  the  next  generation  to  die* 
cover.     It  has  not  unfrequenUy  happened,  however^  that  the 
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slightneBs  of  modern  houses  has  been  quickly  proved,  by  their 
havinff  tumbled  down  before  they  were  eyen  finished. 

There  is  one  advantage  of  casing  external  walls  with  lath- 
work,  which  is  independent  of  damp,  and  therefore  not  the 
object,  though  the  consequence,  of  tnat  operation.  As  air  is 
one  of  the  most  imperfect  conductors  of  heat  known,  the 
column  of  it  included  between  the  plaster  or  stucco  and  the 
bricks,  tends  to  prevent  the  temperature  of  apartments  from 
being  afiected  by  sudden  vicissitudes  in  the  heat  of  the  external 
atmosphere. — Lathwork  casing  should  be  composed  of  well- 
seasoned  heart  laths,  as  the  sap  laths  will  shrink.  Reeds  are 
used  instead  of  laths  in  some  parts  of  the  country;  but  they 
require  a  greater  quantity  of  mortar  than  laths,  and  produce 
on  the  whole  little  or  no  saving. 

Frost  is  exceedingly  prejudicial  to  new  brick-work,  and  its 
effects  ought  to  be  guarded  against  with  the  utmost  care. 
When  it  is  apprehended,  the  wall  should  not  be  left  uncovered 
at  night;  a  capping  of  straw,  or  of  weather  boarding  formed 
like  the  roof  of  a  house,  to  carry  off  the  rain  equally  on  both 
sides  if  any  occur,  is  generally  employed;  and  sometimes, 
for  the  more  complete  security,  both  the  straw  and  the  board- 
ing are  employed  at  the  same  time,  the  straw  being  placed  next 
the  wall,  in  winter,  the  mortar  should  be  used  stiffer  than  at 
other  seasons,  and  if  a  quantity  of  lime,  which  is  quite  fresh,  or 
has  been  kept  in  tight  casks  till  it  is  wanted,  were  reduced  to 
powder  without  slaking,  and  well  beat  up  with  it,  the  setting  of 
It  woukl  be  very  materially  hastened.  Where  strong  work  is 
required,  it  is  not  expedient,  even  in  winter,  to  relinquish  the 
practice  already  recommended,  of  steeping  the  bricks  in  lime- 
water,  and  when  this  is  done,  the  method  just  mentioned  of 
preparing  the  mortar,  is  the  more  useful.  The  bricks  should 
not,  however,  be  laid  so  dripping  wet  in  winter  as  in  warm 
dry  weather.  When  the  practice  of  steeping  the  bricks  in  lime- 
water  is  rejected  as  too  troublesome,  the  sprinkling  of  each 
coarse  with  common  water  may  be  considers!  the  easiest  sub- 
stitute for  that  operation.  This  method  of  strengthening  the 
work,  was  adopted  in  the  building  of  the  College  of  Physi- 
cians, London,  at  the  judicious  suggestion  of  Dr.  Kooke. 

If  the  mortar  has  been  suffered  to  lie  any  time,  previous  to 
its  being  used,  the  labourer  should  beat  it  up  again  to  give  it 
tenacity,  and  to  prevent  the  bricklayer  from  losing  time  in  work- 
ing it  with  his  trowel. 

In  working  up  the  wall,  it  is  by  no  means  advisable  to  work 
more  than  four  or  five  feet  in  height  at  a  time,  for  as  all  walls 
shrink  a  little  soon  after  building,  if  the  diSenat  parts  of  the 
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circQil  of  the  walb  or  cucasB,  be  carried  up  at  distant  ioterrals, 
one  part  will  sink  br  itself,  and  will  consequently  separate  from 
the  other  part  which  has  become  fixed.  5fo  portion  of  a  wall 
ought  to  oe  carried  np  more  than  the  height  of  one  scafibid 
above  the  rest,  except  in  some  case  of  pressing  emergency.  In 
carrying  up  any  particular  part,  each  side  on  the  right  and 
left  should  be  sloped  off,  to  receive  the  bond  of  the  adjoining 
work. 

When  the  house  the  bricklayer  is  employed  upon  is  intended 
to  have  other  houses  parallel  with  it,  half  bricks  in  a  straight 
line  with  the  front,  should  be  left  projecting  from  every  alternate 
oouise,  at  the  comer  or  comers  to  which  the  addition  is  in- 
tended to  be  made;  or  otherwise,  an  excavation  equal  to  the 
breadth  of  a  brick  in  front,  and  to  the  thickness  of  the  wall  from 
front  to  back,  should  be  left  in  the  alternate  courses.  In  either 
case,  the  two  fronts  will  be  bonded  together,  and  the  gaps,  ao 
frequently  deforming  contiguous  houses,  when  the  fronts  have 
been  built  independently  ofeach  other,  will  be  prevented. 

Bricks,  as  a  building  material,  have  several  advanta^ 
over  stone ;  from  their  porous  texture,  thev  unite  better  with 
the  cement,  aie  much  lighter,  and  the  walb  built  with  them 
are  very  little  subject  to  damps  arising  from  the  condensation  of 
the  moisture  in  iM  atmosphcfe.  When  all  materials  are  ready, 
a  good  workman  with  his  labourer  will  lay  a  thousand  or  twelve 
h widred  bricks  in  one  day. 

Brickwork  is  mcasurnl  by  the  square  fi>ot,  reduced  to  the 
thickness  of  one  brick  and  a  half;  thus  a  wail  two  bricks  thick, 
ten  feet  long,  and  three  fieet  high,  and  therefore  containing  only 
thirty  square  ttet  of  surfiu:e  in  front,  would  be  caUed  fixly  feet 
reduced.  It  is  valued  by  the  rod  of  two  hundred  and  seventy^ 
two  feet.  Facing  and  gan^  arches  are  measured  by  the  super- 
ficial square  foot,  and  ooraioes  by  the  foot  running,  or  length* 

MjiBONBT, 

Masonry  is  the  term  used  to  designate  the  art  of  building 
with  stone,  as  well  as  the  work  itself  when  executed. 

Of  the  Mason's  Toob. 
The  tools  reouired  by  the  mason  consist  principally  of  a 
lievel,  a  Plumb  Rule,  a  Souare,  a  Bevel,  a  Trowel,  a  Ham* 
roer,  a  Hod,  a  pair  of  CompasMs,  a  Saw,  a  Bfallet,  and 
Various  sorts  of  Chisels.  The  whole  of  these  toob,  except  the 
three  sorts  last  named,  are  similar  to  those  bearing  the  same 
name  among  bricklavers,  and  tbeiefiNe  most  of  them  have 
already  been  sufficiently  described. 
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1^6  masons  generally  employ  labotirers  to  make  use  of  theiif 
t«n0,  as  they  can  hire  them  at  a  cheaper  rate  than  regular 
artists.  The  saw  is  without  teeth,  and  is  stretched  in  a  frame^ 
flN>  as  nearly  to  resemble  the  joiner's  frame  saw.  It  is  generally 
made  from  four  to  six  feet  in  length,  and  for  cutting  througn 
slabs  of  uncommon  si^e,  it  is  occasionally  made  much  larger. 
Its  progress  through  the  stone  is  tacilitated  by  the  use  of  sharp 
silicious  sand  and  water.  The  sand  is  placed  upon  an  inclined 
plane,  and  the  water,  exuding  drop  by  drop  from  a  small  bai*' 
vei  or  other  convenient  vessel,  runs  o^et  this  plane,  and  carries 
along  with  it  a  portion  of  satid  into  the  kerf.  The  Workman^ 
in  the  mean  time,  slowly  drags  the  saw  backwards  and  forwards 
horizontally,  taking  a  range  of  about  twelve  inches  before  he 
makes  the  return  stroke,  ay  this  simple  process,  the  hardest 
calcareous  stones  are  cut  into  slabs  or  the  required  thickness^ 
with  very  little  loss  of  their  substance.  Bat  though  the  prac<« 
tice  of  sawing  stone  by  hand  may  be  considered  easy,  it  is  at 
the  same  time  slow  and  expensive. — Mills  have  therefore  been 
erected  in  various  parts  of  the  kingdom,  for  sawing  and  polish-^ 
ing  marble,  particularly  at  Ashfcmi  in  Derbyshire,  and  at  Ken^ 
dal  in  Westmoreland.  At  the  latter  place,  the  machinery 
produces  on  stone,  every  moulding  which  the  turner  can 
produce  on  metal,  or  the  joiner  with  nis  plane  on  wood.  The 
mautiful  marbles  of  the  neighbourhood,  are  wrought  at  a  cheap 
rate,  into  various  forms,  which,  from  the  great  expense  that 
would  be  incurred,  would  never  be  attempted  by  manual 
labour.  It  seems  to  be  a  desideratum  in  the  management  of 
such  machinery,  to  produce  the  return  of  the  mouldin|;8. 
Artists  in  wood  do  not  require  this  netorn,  from  the  facility  with 
which  they  can  make  use  of  mitre«joints ;  bat  to  the  mason, 
who  can  rarely  adopt  joints  of  this  nature^  the  return  of  the 
moulding  is  mostly  an  indispensable  requisite.  In  a  chimnev« 
piece,  or  the  architrave  of  a  door  or  window,  for  example,  the 
return  is  required  on  the  horizontal  piece. 

The  shape  of  the  mason's  mallei  diSsn  from  that  of  other 
artists^  Its  contour  is  not  unlike  that  of  a  bell,  except  that  a 
small  portion  of  the  broadest  part  of  it  is  cylindrical ;  this  part  is 
usually  about  eight  or  ten  inches  in  diameter.  The  handle  is 
just  long  enough  to  be  firmly  grasped  in  the  band.  The  chisels 
are  struck  with  any  part  of  the  cylindrical  surface. 

The  chisels  used  by  the  masons  are  required  to  be  of  tarious 
breadths  on  the  cutting  edge,  b«t  three  inches  for  the  broadest^ 
and  a  quarter  of  an  inch  for  the  narrowest,  may  be  considered 
the  general  limits  of  their  sites  in  this  respect.  They  are  made 
entirely  of  iron,  or  of  iron  and  steel  welded  together.    In  iht 
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biter  case,  the  steel  extends  no  fiirtfaer  than  they  are  likely  to 
be  ground  for  use.  When  new,  they  are  mostly  about  eight  or 
nine  inches  long.  The  part  held  in  the  hand,  is  generally  about 
five-eighths  or  three  quarters  of  an  inch  in  diameter,  and  is 
forged  to  an  octagonal  shape.  When  the  cutting  edge  is 
broader  than  this  octagonal  part,  the  lower  end  is  expanded  in 
a  do?e>tail  form.  When  the  cutting  edge  is  narrower  than  the 
octagonal  part,  the  lower  end  is  slop^  off  in  a  pyramidal 
form.  The  larger  sizes  of  chisels  obtain  the  name  of  toolsy  the 
act  of  using  them  is  called  toolingj  and  the  stone  to  which  they 
have  been  applied  is  said  to  be  tooled.  The  chisel  with  the 
narrowest  edge,  which  is  seldom  broader,  and  often  not  so 
broad  as  a  quarter  of  an  inch,  is  called  a  pobU»  The  point  is 
enaplpyed  to  reduce  the  larger  irregularities  of  a  surface,  which 
is  afterwards  made  tolerably  rcgumr  with  the  broad  chisels  or 
tools.  In  chipping  stone  intended  to  be  finished  smooth  and 
neat;  great  care  should  be  taken  to  avoid  splintering  the  arris, 
which  will  almost  certainly  happen  if  the  edge  of  the  chisel  be 
directed  outwards  in  making  the  blow.  Even  for  the  edge  of 
the  chisel  to  be  at  right  angm  to  the  arris  it  is  applied  to  rorm, 
is  not  always  a  safe  position ;  but  if  directed  inwards,  so  as  to 
form  an  angle  of  forty-five  degrees  with  the  line  of  the  arris^ 
which  it  should  overhang  a  little,  the  chipping  may  be  safely 
executed.  To  direct  the  workman  in  the  u^  of  the  chisel,  a 
thin  board,  planed  true,  is  used  as  a  straight-edge,  to  point  out 
cross-windings  and  other  inequalities  of  surfiices,  the  prominent 
detects  of  which  have  previously  been  removed. 

In  some  parts  of  the  country,  masons  are  provided  with 
such  hammers  as  they  can  use  (particularly  when  they  are 
employed  upon  the  harder  kinds  of  calcareous  stones)  instead 
of  chisels,  as  well  as  for  the  geneml  purpose  of  dividing  stones. 
A  heavy  pointed  hammer  serves  instead  of  the  pomt,  and 
another  which  is  also  heavy,  and  has  an  edge  like  that  of  a 
chisel,  serves  very  eflkctually  to  produce  those  narrow  marks 
or  furrows  left  upon  hewn  stone-work  which  is  not  ground  on  the 
face. 

Of  SUmes. 
All  calcareous  stones,  namely,  those  that  bum  to  Ume,  if 
hard,  of  a  close  texture,  and  beautiful  appearance,  from  the 
variegation,  or  clearness  and  uniformity  of  tneir  cotours,  are  call- 
ed roarlile.  The  names  of  the  different  kinds  of  marble  are 
generally  derived  either  from  their  ccdour,  or  the  place  where 
they  are  obtained.  The  most  valuable  kind  of  milk«whtte 
marble  is  obtained  in  Italyi  and  is  too  costly  to  be  often  used 
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for  any  but  the  smaller  ornamental  parts  of  buildings.  Tbis, 
when  cut  into  thin  slices,  is  semi-transparent.  Many  parts  of 
the  United  Kingdom  abound  with  marble,  which  is  mostly 
more  or  less  coloured,  often  close  in  its  texture,  and  capable 
of  receiving  a  high  polish.  Derbyshire  and  Westmoreland, 
in  England,  are  the  counties  which  supply  the  greatest  quantity 
and  variety  of  marbles,  some  specimens  of  which  are  highly 
esteemed. 

When  marble  that  has  been  fiiced  with  a  chisel,  is  intended 
to  be  polished,  it  is  ground  by  rubbing  it  with  rougk'grained 
freestone,  assisted  by  sand  and  watef,  until  the  chisel  marks  are 
removed.  Finer  and  finer-grained  freestone,  with  water,  but 
no  sand,  is  then  used,  till  the  surface  becomes  very  smooth.  If 
the  finer  grit  stones  be  found  too  slow  in  their  operation,  a  little 
fine  flour  of  emery  is  used.  The  last  and  highest  lustre  is  given 
with  oxide  of  lime,  well  known  under  the  name  of  putty« 
When  the  surface  of  the  marble  to  be  polished  has  been  cut  with 
a  saw,  the  very  rough  freestone  and  sand  are  not  necessary. 
In  other  respects  it  must  be  finbhed  by  the  same  process. 

Limestone  is  a  coarse  kind  of  marble,  and  is  cut  and  polish* 
ed  in  a  similar  manner.  It  is  commonly  found  in  districts 
where  there  is  no  freestone,  and  often  forms  immense  strata. 
From  its  great  hardness,  it  is  onlv  hammcr^dressed  .when  used 
for  the  fronts  of  buildings;  but  when  this  k  done  in  the  best 
planner,  the  eiBSsct  is  very  fine. 

The  stone  most  commonly  used  in  London,  is  Portland 
stone,  which  is  brought  from  the  island  of  Portland  in  Dorset^ 
shiie.  It  is  of  a  dull  whitish  colour,  though  the  buildings  con* 
structed  with  it  have  a  handsome  appearance.  When  recently 
dug,  it  is  soft,  and  easy  to  work,  but  acquires  hardness  with 
age.  Although  it  contains  silex,  the  hardness  it  acquires  is  not 
jogieal  that  it  will  strike  fire  with  steel.  Under  greEitpcessure, 
Portland  stone  is  apt  to  splinter  at  the  joints. 

Purbeck  stone  is  brought  from  the  island  of  Purbeck,  4IS0  in 
Dorsetshire;  it  is  mostly  employed  in  rough  worky  9uch  as 
steps,  paving,  &c. 

Freestone  is  a  general  name  for  stones  of  very  difierent 
qualities  as  to  their  value  in  building.  It  consists  of  clay  and 
•ilex,  sometimes  the  silex  amounts  to  nearly  one-half  its  weight, 
but  generally  it  is  considerably  less,  and  the  hardness  of  the 
stone  varies  with  the  proportions  of  its  component  parls.  It  is 
often  called  ^it  or  sand-stone.  It  is  a  very  plentiful  stone ;  the 
strata  of  entue  districts,  under  a  slight  covering  of  soil,  appear- 
ing, in  various  instances,  to  be  composed  of  it.  The  particles 
of  some  kinds  of  it  have  so  Uitlc  cohesion)   that  small  bitp 
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may  be  granulated  between  the  fingers ;  this  is  tbe  sort  oooh 
monly  used  for  filtering  stones.  AU  kinds  of  it  are  softer  wben 
taken  out  of  the  quarry,  than  they  afterwards  become  when  dry, 
or  after  long  exposure  to  theatmospbeire.  Freestone  is  generally 
about  two  and  a  half  times  the  weight  of  water.  That  from 
HoUiogton,  near  Utoxeter,  is  of  a  whitish  or  yellowish  gray} 
that  from  Knipersly,  in  Stafibrdshire,  is  of  a  bluish  gray,  and 
so  infusible  as  to  be  used  as  a  fire  stone.  The  colour  of  free* 
stone  is  often  a  dull  red,  but  sometimes  so  nearly  white,  that 
buildings  constructed  with  it  look  as  well  as  those  of  Portland 
stone.  Difierent  parcels  of  freestone,  taken  from  the  sam0 
quarry,  frequently  exhibit  a  considerable  diversity  of  colour  i 
a  circumstance  which  gives  a  motley  appearance  to  buildings 
in  other  respects  perhaps  faultless.  When  the  stone  has  beeo 
fecently  dug,  and  is  damp,  these  differences  are  often  not  per* 
ceptible.  If  therefore,  uniformity  of  appearance  be  desired, 
the  stones  should  be  faced,  dried,  and  sorted  before  they  are 
used.  Freestone  is  incapable  of  receiving  a  polish,  and  there* 
fore,  when  it  has  been  cut  with  a  saw,  it  is  mrely  submitted  to 
any  subsequent  operation  to  produce  greater  smoothness ;  but 
^hen  it  has  been  reduced  with  the  chisel,  it  is  made  smooth 
with  another  piece  of  stone  of  the  same  kind,  along  with  sand, 
and  water,  when  the  freestone  has  a  laminated  texture,  it  is 
called  flag-stone,  and  is  divided  into  thin  pieces  for  the  purpose 
pf  covering  houses,  and  for  flooring. 

The  position  which  stones  have  had  in  the  quarry,  is  not  a 
matter  ot  indiflPerence  to  the  attentive  mason.  Stones  intended 
to  sustain  great  vertical  pressure,  as  pillars,  should  stand  in  a 
building  as  they  stood  in  the  quarry  from  which  they  were 
taken ;  for  pillars,  the  axes  of  which  were  horisontal  in  the 
quarry,  when  placed  perpendiculariy,  are  apt  to  split  under  a 
great  strain.  I'erhaps  this  property  may  belong  only  to  stones 
which,  unlike  granite,  are  not  original,  and  which  may  thcfefore^ 
from  being  formed  by  separate  depositions  of  their  peculiar 
matter,  however  solid  they  may  appear,  possess  in  reality  more 
or  less  of  a  laminated  texture.  What  kind  of  a  pillar  any  stone 
well  known  to  be  hminated,  would  produce,  in  dififerent  post- 
ttons,  it  is  not  difficult  to  conjecture.  If,  for  example,  a  block 
of  flag-stone  were  converted  into  a  pillar,  so  as  to  leave  each 
lamina  or  flag  of  which  it  is  composed  posited  horiaonteUy,  it 
would  sustain  any  weight  not  capable  of  crushing  it  to  atone ; 
but  if  the  lamina  were  placed  in  an  inclined  position,  so  as  te 
form  an  acute  angle  with  the  axis,  an  inconsiderable  prmsim 
would  occasion  them,  where  the  cohesion  was  slightest,  to  slido 
over  each  other;  lastly,  if  the  Isymiua  were  plaoed  puMd  lo 
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the  axis,  the  pillar,  under  sufiicient  pressure,  would  divide  verti- 
cally into  several  parts,  and  (though  rather  stronger  than  in  the 
last  iBstaDoe,  would  still  be  comparatively  weak.  An  attention 
therefore  to  the  position  of  stones,  and  to  veins  or  other  signs 
which  may  indicate  the  existencje  of  lamina,  well  deserves  the 
mason's  regard. 

Of  Cements* 

The  cements  used  by  the  mason,  for  the  ordinary  purposes 
of  walling,  is  mortar,  differing  not  from  that  used  by  the  brick« 
layer;  and  as  we  have  already  treated  of  this  subject  rather  at 
length,  a  few  remarks  in  this  place  will  suffice.  For  the  joints 
of  hewn  stone,  the  mortar  should  be  much  finer  than  the  brick* 
layer  requires ;  and  sometimes  a  mixture  of  oil-putty,  or  very 
thick  white  lead  paint  is  used  as  the  cement.  These  compositions 
will  last  longer  than  almost  any  stones,  and  will  remain  promi« 
nent  when  the  face  of  the  softer  kinds  of  stone  has  been  corroded 
by  nm. 

The  cement  used  in  setting  colupun  stones,  is  mostly  oiI« 

Siitty,  or  white  lead  mixed  with  chalk-putty,  or  fine  mortar, 
ometimes  columns  are  set  upon  milled  lead ;  in  this  case,  the 
lead  shoHid  not  be  quite  equal  to  the  column  in  diameter,  but 
00  as  to  leave  a  narrow  ring  externally,  which  must  be  filled 
vr  ith  Oil-putty. 

In  situations  not  exposed  to  damp,  plaster  of  Paris  u 
employed  as  a  beddiih^  for  stones  or  marble.  When  a  mantle- 
piece  is  composfsd  or  valuable  marble,  the  various  pieces  aie 
commonly  ver^  thin.  In  this  case,  a  considerable  thickness  of 
phtttor  of  Pans  is  laid  on  the  back,  and  a  slate  or  some  ordi- 
nary stone  bedded  in  it,  to  give  greater  strength.  Good  plaster 
of  Paris  is  scarcely  to  be  met  with,  nor  are  the  causes  of  its 
inperfectioos  generally  understood  by  workmen.  We  shaU 
therefore  point  them  out,  and  give  directions  for  preparing  it^ 
of  a  unitorm  and  excellent  quality,  when  we  treat  of  casting 
in  plasler. 

The  Greeks  and  Romans  constructed  their  works  of  wrought 
slone  without  cement ;  but  as  they  used  a  profusion  of  cramps 
and  bands  of  iron  and  bronze,  and  the  beds  of  their  stones  were 
fioished  with  great  accuracy,  their  edifices  were  substantial  and 
durable  in  the  highest  degree.  Metallic  bands  and  cramps  are 
sttU  used  in  lofty  'steeples,  and  other  slender  buildings  mach 
exposed  to  the  action  of  the  winds,  also  U^  connect  the  di^nent 
stones  composing  mantle-pieces^  &c.  with  the  wall* 
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Of  Stone  Walls. 

The  propriety  of  erecting  suspended  or  inverted  arcbes, 
according  to  circumfltances,  and  other  general  directions  already 
given  respecting  foundations,  being  as  applicable  to  stone  walls 
as  to  those  of  brick,  need  not  be  adverted  to  again.  The  ex- 
planation of  a  few  technical  terms  will  therefore  be  our  first 
object. 

Stones  which  run  through  the  thickness  of  a  wall,  in  order 
to  bind  it,  are  called  bond  stones;  in  some  parts  of  the  country 
they  obtain  the  name  of  through  stones. 

When  the  side  or  sides  of  a  wall  lean  back,  so  that  the 
plmnb  would  fall  within  the  base  of  the  wall,  the  inclination  is 
called  battering;  it  is  generally  made  about  one  inch  in  a  foot. 

The  large  stones  at  the  base  of  a  foundation,  which  project 
beyond  the  vertical  surface  or  front  of  the  superincumbent  wall^ 
are  called  footings. 

The  parts  of  a  wall  between  apertures,  or  between  an  aper- 
ture and  the  corner,  are  called  piers. 

The  beds  of  a  stone  are  its  upper  and  under  surface,  which 
are  generally  in  a  horizontal  position  within  the  wall. 

Walls  built  with  unhewn  stone,  with  or  without  mortar,  are 
called  rubble  walls.  Rubble  walls  are  of  two  kinds,  the 
coursed  and  the  uncoursed.  In  the  coursed,  the  stones  aic 
bammer-dressed  or  axed,  and  adjusted  by  a  sizing  rule,  so  that 
each  row  of  stones  forms  a  horizontal  suitece.  In  the  unoours- 
ed,  the  stones  are  used  in  a  rough  state,  nearly  as  they  come 
out  of  the  quarry. 

Walk  which  are  faced  with  squared  stones,  hewn  or  rubbed, 
and  backed  with  rubble,  stone,  or  brick,  are  called  asUssr. 

Wall-plates,  are  horizontal  pieces  of  timber,  commonly 
laid  even  with  the  interior  of  walls,  for  the  ends  of  the  joists 
and  other  timbers  to  rest  upon. 

The  footings  of  walls  ought  to  consist  of  the  largest  stones 
which  can  be  conyeniently  procured.  It  is  better  to  have  them 
of  a  rectangular  form  than  any  other,  and  if  not  square,  their 
largest  surfaces  should  be  laid  horizontally.  With  this  shape 
and  disposition,  they  will  make  the  greatest  resistance  to  sink- 
ing, if  the  stones,  intended  to  ht  employed  as  footimeiu 
d^iate  materially  from  a  rectangular  figure,  when  received 
from  the  quarry,  they  ought  to  be  hamme^ressed ;  as,  if  they 
taper  downwsirds,  or  rest  upon  angular  ridges,  they  will  be 
ant  to  give  way  under  the  weight  of  tm  supentnicture. 
iVhen  the  footings  can  be  obtained  the  full  breadth  of  the  wall 
in  one  piece,  Uiey  are  to  be  preferred ;  but  when  a  sufficient 
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number  of  stones  of  this  description  cannot  be  obtained,  then 
every  alternate  stone  in  the  course  may  be  the  ivhole  breadth, 
with  two  stones  next  to  it,  disposed  like  two  stretchers  in  a 
nine-inch  wall  of  Flemish  brick-work.  When  the  large  stones, 
which  can  be  conveniently  obtained,  are  insufficient  even  for 
the  latter  arrangement,  the  largest  stones  which  can  be  pro^ 
cured,  must  be  disposed  so  as  to  break  in  the  best  manner 
circumstances  will  admit,  the  vertical  joints  in  the  same  course, 
as  well  as  those  of  the  different  courses  wHh  respect  to  each 
other.     £ach  course,  also,  should  be  well  bedded  m  mortar. 

When  bond  timber  will  be  required,  the  uncoursed  rubble 
is  an  inconvenient  mode  of  building,  as  the  heights  on  which 
they  are  disposed  roust  be  levelled.  The  best  kind,  or  coursed 
rubble,  admits  of  bond  timbers  without  difficulty,  for  though 
the  different  courses  are  not  of  the  same  height,  the  surface  of 
each  of  them  is  level ;  but  as  the  walls  in  which  bond  timbers 
are  introduced,  are  apt  to  warp  or  even  fall  in  case  of  fire,  the 
use  of  them  should  be  avoided  in  strong  well-built  walls. 

The  stones  of  an  ashlar  front  should  have  their  upper  and 
under  surface  correctly  parallel  with  each  other,  and  correctly 
at  right  angles  to  the  face.  If  these  surfaces  be  carelessly  left 
concave,  tney  will  be  apt  to  splinter  near  the  edge  under  great 
pressure.  On  the  right  and  left  they  should  taper  inwards,  but 
the  taper  should  not  be  continued  quite  to  the  face,  though  thqr 
may  reach  the  face  within  an  inch  or  two.  The  ashlar  stones 
baying  the  form  of  a  truncated  wedpe,  they  will,  in  each  course, 
present  a  series  of  angular  indentations  within  the  wall,  like  the 
spaces  between  the  teeth  of  a  saw.  The  stones  are  so  selected  and 
disposed  that  the  vertical  or  upright  joints,  and  consequently  the 
anmlar  b^ms^,  of  one  course,  rail  on  the  middle  of^the  stones 
bmow.  By  this  means  the  ashlar  face  is  bonded  to  the  rubble, 
brick,  or  rough  stone  of  the  back,  and  the  strength  of  the  wall 
much  greater  than  if  each  stone  was  of  an  equal  rectan|^lar 
%iire.  Strength  is  also  to  be  promoted  by  adopting  a  plan  not 
commonly  r^rded,  that  of  sorting  the  stones  so  that  in  each 
alternate  course,  they  will  extend  farther  into  the  wall  than  those 
of  the  course  immediately  above  and  below.  In  ashhr  woric» 
the  bond  stones,  which  ought  frequently  to  be  introduced,  can- 
not like  the  other  stones  have  a  wedge-like  form ;  they  must  be 
lectanffttlar ;  and  they  produce  the  bat  eflfect  when  so  disposed 
m  each  course  that  they  will  be  opposite  the  middle  of  the 
space  between  the  two  bond  stones  m  the  course  immediately 
above  and  beneath  them. 
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Of  Stotie  Columns. 

When  large  stone  colamns  are  made  in  one  piece,  their 
effect,  from  that  circumstance  alone,  is  very  titikmg;  but  as 
(his  advantage  is  not  always  obtainable,  the  next  object  is  to 
make  the  joints  as  few  and  as  minute  as  possible,  as  well  as  to 
be  very  attentive  in  selecting  thedifierent  stones  to  be  combined^ 
that  the  joints  may  not  be  cbBcried  at  a  distance,  from  the  Gom« 
mencement  of  a  diflerent  colour.  From  what  has  been  said  in 
the  section  on  the  different  kinds  of  stone,  it  will  be  understood^ 
that  none  but  horiasontal  joints  can  be  allowed  in  any  shaft;  all 
others  being  inconsistent  with  the  laws  of  strength. 

The  stones  proper  for  an  intended  column  being  procursdi 
and  the  order  in  which  they  are  to  succeed  each  otner  being 
determined,  the  next  consideration  will  be  to  ascertain  the  exact 
diameter  proper  for  each  end  of  every  one  of  them.  For  this 
purpose,  drew  an  elevation  of  the  proposed  column  to  the  full 
size,  divide  it  by  lines  paralld  to  the  base,  into  as  many  hcigMs 
iui  the  column  is  intended  to  contain  stones,  taking  care  that 
none  of  the  heights  exceed  the  length  that  the  stones  will  pro* 
duce.  The  working  of  the  stones  to  the  diameten  thus 
obtained  then  becomes  easy.  The  ends  of  each  stone  must  first 
he  wrought  so  as  to  form  exactly  true  and  parallel  phines.  The 
two  beds  of  a  stone  being  thus  formed,  find  their  centres,  and 
describe  a  circle  on  each  of  them.  Divide  these  circles  into  the 
same  number  of  equal  parts,  which  may,  for  example,  amount 
to  six  or  ei^t.  Draw  lines  across  each  end  of  toe  stone,  so 
that  tbc^  will  pass  through  the  centre,  and  through  the  omro- 
site  divisions  of  the  same  end.  The  extremities  of  these  linea 
are  to  regulate  the  pnmeas  of  the  chisel  along  the  surface  of 
the  stone,  and  therefore  when  those  of  one  end  have  been 
drawn,  those  of  the  other  must  be  made  in  the  same  plane  or 
opposite  to  them  respectively.  The  cylindrical  part  of  tiie 
stones  must  be  wrought  with  the  assistance  of  a  straight-ec^; 
but  for  the  swdl  of  the  column,  a  diminishing  rule,  tlmt  is,  one 
made  concave  to  the  line  of  the  column,  must  be  employed. 
This  diminishing  rule  will  serve  to  plumb  the  stones  in  setting 
them.  If  it  be  made  the  whole  length  of  the  column,  the  beighCs 
into  which  the  elevation  of  the  column  is  divided,  should  be  mark^ 
ed  upon  it,  so  that  it  may  be  applied  to  giveeacn  stone  its  proper 
curvature.  But  as  the  use  or  a  kmg  diminisbing  rule,  whett 
the  stones  are  in  many  and  short  lengths,  would  be  inconve* 
nient,  rules  corresponding  in  length  to  that  of  the  diflerent 
heights,  may  be  employed  with  advantage* 
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Of  tbe  ditBtteni  methods  which  may  be  practised,  to  obtaia 
the  curyature  of  the  rule  to  be  used  in  the  diminution  of  the 
shaft  of  a  column,  the  following  may  be  considered  tbe  easiest 
and  best  adapted  for  general  use:  Let  A  B,  %.  IS,  pi.  I.  re- 

{insent  the  height  of  the  column,  ef  the  semi-diameter  of  the 
ower  part,  and  g  h  tbe  semi-diameter  of  the  upper  part,  ac* 
cording  to  the  customary  proportion  of  the  diminution.    As 
the  lower  one-third  of  the  column  must  be  cylindrical,  draw 
a  line  from  e  to  t,  parallel  to  A  B.     What  we  now  want 
is,  to   obtain  a:  curved  line  from  t,  which  will  fall  into  g 
without  making  the  diameter  of  the  upper  two-thirds  of  the 
column  in  any  point  greater  than  that  of  the  lower  or  cylindri* 
cal  third.     With  the  radius  t  /:,  draw  the  quarter  of  a  circle  C. 
Draw  a  line  from  the  narrowest  part  of  tlie  column,  that  is  from 
gj  parallel  to  the  axis  or  middle  -line  A  B,  till  it  cuts  the  ouad* 
lant  of  a  circle  C.    Divide  the  arc  contained  between  t  ana  the 
point  where  g  cuts  C,  into  four  equal. parts,  as  /,  m,  n,  o,  and 
divide  the  height  A  iinto  the  same  number  of  divisions  asthis  arc, 
as  1,  2,  3.    From  the  point  m,  draw  a  line  parallel  to  the  axis, 
which  will  cut  the  transverse  line  3  at  v;  from  ft  draw  another 
line  parallel  to  the  axis,  which  will  cut  the  transverse  line  2  in 
Wi  in  tbe  same  manner  draw  a  line  from^'o  to  the  transverse  line 
1)  which  it  will  cut  in  x.    Now  the  curved  line  of  the  column, 
between  i  and   g,   must  pass  through  the  points  j:,  20,  v; 
therefore  at  or  near  all  the  points  frojn  t  to  g  inclusive,  drive  in 
two  pins  or  nails,  in  such  a  manner  that  the  direction  in  which 
each  pair  of  nails  stand  shall  be  the  same  as  the  transverse  lines 
of^lhe  column.    Between  each  pair  of  nails,  lilso,  there  must  be 
just  sttflicient  space  left  to  admit  a  thin  slip  of  wood,  like  a  lath, 
or  some  other  equally  flexible  substance,  and  care  must  be  taken 
to  fix  the  nails  in  such  a  position,  that  when  this  slip  of  wood  is 
placed  between  them,  eitner  its  inner  or  its  outer  perpendicular 
aurfiroe  shall  exactly  coincide  with  the  several  points  of  diminu- 
tion  t)  Xy  o,  V,  g.     This  being  done,  it  is  easy,  with  a  pencil  or 
any  marking  instrument  suitra  to  the  surface  worked  upon,  to 
<lniw  a  line  along  the  slip  of  wood,  which  line  will  be  the  curve 
of  the  shaft.     The  piece  intended  to  be  used  as  a  diminishing 
rule  may  have  the  curve  nude  on  it,  or  transferred  to  it,  as  may 
be  deemed  most  convenient.    It  will  also  be  understood,  that  the 
nnmber  of  the  parts  into  which  tbe  arc  / 1,  and  the  height  A  k 
are  divided,  and  which  determine  the  number  of  dimiuishing 
points  obtained,  may  be  varied  at  pleasure.    In  no  case,  bow- 
ever,    can  it  be  considered  advisable  to  make  these  divisions 
fewer  than  four,  though  for  lofty  columns  they  may  lie  made 
two  or  tbree  times  that  number,  as  they  constitute  so  many 
10.  Vol-.  L  2G 
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checks  upon  the  improper  or  imperfect  flexibility  of  tbe  lath 
or  spring  rule.  As  so  much  of  the  beauty  of  a  shaft  depends 
upofi  the  easy  and  imperceptible  transition  ftom  tbe  cylindrical 
to  the  tapering  part,  it  may  be  advantag|eous  to  divide  the  arc 
from  i  to  o  into  two  parts,  and  the  division  it  1,  of  tbe  shaft, 
also  into  two  parts,  a  diminishing  point  will  then  be  obtained 
between  t  and  x,  which  will  be  of  use  to  lessen  the  pouibility  of 
imperfection. 

Another  mode,  which  we  shall  recite,  of  diminishing  a  shafts 
is  not  essentially  difierent  from  the  preceding:  divide  the  shaft 
froraDtoE,fig.  15,  into  four  parts,  as  1,  8,  8;  divide  the  space 
£F,  which  is  the  diflbrence  between  the  superior  semi-diamelei 
E  r,  and  the  inferior  or  lower  diameter  D  9,  into  the  like  number 
of  parts,  viz.  four.  Draw  lines  from  each  division  on  EF  tending 
to  the  point  D.  The  first  line  next  to  F  will  reach  to  D,  the 
point  from  which  the  diminution  commences,  in  a  direction 
paralld  to  the  axis;  the  next  tine,  reckoning  from  the  same 
side,  will  give  the  point  a;  the  third  line  the  point  b  /  and  the 
fourth  line  the  point  c;  a  line  from  the  point  E,  which  is  the 
limit  of  the  diminution,  need  not  be  drawn.  The  points  E,  c,  fty 
0,  D,  constitute  the  places  where  the  nails  must  be  driven  in,  to 
direct  the  path  of  the  lath  as  in  the  but  example^  Some  artists 
prefer  this  mode  of  diminution.  Here,  also,  sb  before,  the 
number  of  the  divisions  is  optional,  but  a  greater  error  may  be 
oommitted  by  making  them  too  few  than  too  numerous. 

To  drew  the  flutes  and  fillets  on  the  shaft  of  a  column,  the 
folbwing  will  be  found  an  easy  and  effectual  method :  let  A^ 
fig.  10,  pi.  II.  be  the  shaft;  make  a  h<de  exactly  in  the 
centre  of  both  ends,  and  into  each  hole  drive  a  piece  of  wood, 
so  as  to  be  quite  tight,  and  to  project  five  or  six  indies«  The 
projecting  parts,  b  ft,  of  the  pieces  of  wood,  must  be  wdl 
rounded  off,  and  made  exactly  in  the  middle  of  tbe  ends. 
Being  provided  with  a  diminishin|f  rule,  made  as  abov^men* 
tioned  to  the  curve  of  tbe  shaft,  it  may  here  be  used  as  the 
ruler,  by  fixing  it  in  a  groove  in  two  pieces  of  wood^  r  c,  so  as 
to  revolve  with  them  upon  the  pins  bb*  The  edge  of  the  rule 
must  be  brought  very  near  the  shaft,  and  one  side  of  it  must 
tend  exactly  to  the  centre,  which  is  done  by  giving  that  direc- 
tion to  one  side  of  the  grooves  in  ec,  as  shown  by  the  dotted 
lines  a  a.  As  the  dtminisbing  rule,  d,  is  commonlv  made 
rather  slender,  and  therefore  will  be  apt  to  bend  with  the  force 
employed  to  drew  the  lines,  it  will  be  proper  to  fix  a  piece  of 
wood,  of  sufficient  thickness  to  keep  it  straight,  on  tbe  back, 
or  that  side  of  it  which  does  not  tend  to  the  centre.  As  in 
marking  a  long  column,  there  may  be  some  difliculty  in  keep-^ 
ing  the  rule  steady,  while  the  lines  aie  diawiij  the  etmi^  piece 
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of  wood  tboB  attached  to  the  back  of  the  diminishing  rule,  may 
have  one,  two,  or  more  screws,  according  to  its  length,  passing 
through  it,  as/^,  and  pressing  against  tbe  shaft,  by  which 
means  the  rule  will  be  staid  at  any  part  of  a  revolution,  ranch 
more  efiectually  than  with  the  assistance  of  several  men.  The 
screws  ought  to  be  of  wood,  or  if  iron,  their  extremities  should 
be  preveiSed  from  injuring  the  stone,  by  the  interposition  of  a 
flat  piece  of  metal,  or  some  other  suitable  substance.  These 
arrangements  being  made,  the  lines  desired  may  be  drawn  with 
any  sharply-pointra  steel  instrument  kept  close  to  the  rule,  with 
the  greate^  ease  and  precision,  from  divisions  previously  mark- 
ed at  one  end.  To  obtain  these  divisions,  suppose  it  were 
desired  to  flute  the  Ionic,  the  Corinthian,  or  Composite 
columns,  the  circumference  at  one  end  will  be  divided  into 
six  equal  parts,  by  taking  half  the  diameter  at  that  end,  and 
applying  it  round  the  said  circumference ;  and  if  each  of  these 
divisions  be  divided  into  four,  the  whole  circumference  will  be 
divided  into  twenty-four.  In  order  to  make  the  proportion  of  a 
flute  to  a  fillet  as  one  to  three^  divide  any  one  of  these  last 
divbions,  or  twenty-fourth  part  of  the  circumference,  into  four 

aual  parts,  and  one  of  these  parts  will  be  the  breadth  of  a 
let,  which  being  set  off  from  the  same  side  of  each  division, 
the  whole  shafi  will  be  properly  divided  for  flutes  and  fillets, 
sod  oooseqnently  prepared  for  the  use  of  the  rule. 

To  draw  the  flutes  and  fillets  on  a  diminished  pilaster,  make 
a  line  down  the  middle  of  the  face  of  it,  from  top  to  bottom; 
divide  this  longitudinal  line  into  any  convenient  number  of 
ejiual  parts,  and  through  the  points  of  division  draw  transverse 
lines  croisinff  the  breadth  of  the  pilaster ;  set  off  the  flutes  and 
fillets  on  each  transverse  line;  fix  pins  or  naib  at  each  correspond* 
Mint  of  the  transverse  line,  and  draw  the  lines  with  tbe  help 
pliaUe  slip  of  wood,  as  in  obtaining  the  diminution  of  a 
shaft. 


ma 


•  Siane  Bribes. 

Hera  it  will  be  proper,  in  the  first  place,  io  give  an  exphna* 
lion  of  the  principal  terms  used  in  speaking  of  bridges. 

The  abuimenis  of  a  brid^  are  the  walls  adjoining  io  the 
land,  eadi  of  them  supportmg  the  end  of  an  extreme  arch. 
—The  walk  supporting  the  ends  of  tbe  arches  between  the 
aimtmaits,  are  ca&ed  iiterr  • 

The  impoats  are  tne  highest  course  of  the  stones  of  piers^ 
fffon  which  an  arch  immediately  springs. 

BaUerdeaUj  or  Ooger^diam^  a  case  of  piling,  to  divert  the 
•tmam  of  a  river  while  the  pien  are  buiUing. 
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Caissons  are  large  boHow  vessels,  framed  of  strong  timbeta, 
and  made  water  tight,  which  being  bunched  and  floated  to  a 
proper  position  in  the  river,  where  the  bed  has  been  preri- 
ouslj  excavated  and  levelled,  are  there  sunk.  The  piers  of  tbe 
bridge  are  built  within  them,  and  when  carried  up  above  or 
nearly  to  the  level  of  the  water,  tbe  sides  of  the  caisson  aie 
detached  from  the  bottom,  and  removed;  the  bottom  is  left 
remaining,  and  serves  for  a  foundation  to  the  pier. 

Drift^  pushj  shooi,  thrust,  tenns  used  indiscriminatdy,  to 
express  the  horizontal  force  of  an  arch,  by  which  it  endeavonra 
to  spread  itself  out  and  overset  the  piers  and  abutments. 

The  ertrados  of  an  arch  is  the  outside  or  convex  curve  on 
tbe  top  of  the  arch  stones :  hence  the  extrados  of  a  bridge  is  the 
cnrve  of  the  road*way.  Extrados  is  the  term  opposed  to  Mfro- 
dosj  which  signifies  the  concave  side  of  an  arch. 

Those  stones,  one  side  of  which  is  in  front,  and  another 
side  forms  part  of  the  intrados  of  an  arch,  are  called  voussoin 
or  arch'Stones  ;  the  middle  voossoir,  at  the  summit  of  tbe  arch^ 
which  is  put  in  last,  for  wedging  and  closing  the  whole,  is  abo^ 
and  indeed  most  commonly,  called  the  iti^sloiie. 

Parapets  are  the  low  walls  erected  on  tne  sides  of  the  extra* 
dos  or  road*way  of  a  bridge,  for  the  safeguatd  of  passengen. 

These  explanations  being  premised,  we  may  proceed  with  tbe 
subject.  Palladio  observes,  that  bridges  ought  to  have  tbe  same 
qualifications  which  aie  deemed  necessary  in  all  buildings  of 
cx>nsequence,  nanaely,  that  the^  should  be  convenient,  beautiftd^ 
and  lasting.  To  make  a  bndge  lasting,  the  goodness  of  its 
foundation  is  one  of  the  most  important  things  to  be  attended 
to;  to  make  it  convenient,  an  easy  ascent,  and  a  width  suited 
to  its  situation,  are  absolutely  necessary ;  and  to  make  it  beanti« 
fol,  its  workmanship  must  be  good^  and  its  several  parts  wdl 
designed  and  proportioned. 

Bridges  ought  always  to  be  constructed  at  right  angles  to  the 
current.  The  piers  ought  to  be  so  proportioned,  as  to  enable 
them  to  withstand  the  thrust  of  the  adjoinmg  arches,  though  the 
rest  were  thrown  down ;  yet  to  fall  short  of  the  siae  required  for 
this  purpose,  would  hardly  be  a  greater  fault  than  materially  to 
exceed  it;  for  when  the  piers  are  unnecessarily  large,  the  current 
being  contracted,  increases  its  velocity,  and  is  apt  to  undermine 
the  foundation. 

A  judicious  regard  to  local  circumstances,  is  always  of  graal 
importance  to  the  darebility  of  a  bridge.  Over  riven  wnicb 
are  subject  to  great  inundations,  arches  tnat  will  be  dry  at  oidi« 
aaiy  seasons  will  ofien  be  necessary,  and  when  a  ckoioe  with 
respect  to  the  situation  can  be  vatde^  a  wide  part  c£  the. 
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stream  should  be  preferred  to  a  narrow  part;  because  the  water 
at  the  narrow  part  has  not  onlj  a  greater  velocity  than  at  the 
other,  but  that  velocity  would  be  increased  by  the  space  which 
the  piers  would  occupy*  Another  point  to  be  duly  re^rded  in 
selecting  the  site  of  a  bridge,  is  the  solidity  or  otherwise  of  the 
ground  in  diflferent  parts  of  the  river,  for  the  foundations  of 
piers  and  abutments.  An  immense  expense  in  piling,  and 
other  artificial  means  of  improving  inadequate  ground,  may 
often  be  saved  by  proper  attention  in  this  respect. 

The  arches  in  a  bridge  ought  to  be  an  odd  number,  that 
one  of  them  may  stand  in  the  middle,  where  the  velocity  of  the 
stream  is  greatest.  The  middle  arch  is  also  to  be  made  the 
largest.  As  the  expense  of  piers  is  very  considerable,  besides 
the  perpetual  inconvenience  of  them  in  navigable  rivers,  bridges 
should  always  be  constructed  with  the  fewest  arches  possible. 

With  regard  to  the  most  suitable  curve  for  the  arches  of  a 
bridge,  the  subject  has  been  much  controverted.  Not  only 
architects  but  mathematicians  have,  on  this  point,  differed 
widely  from  each  other.  This  diversity  of  judgment  seems  to 
have  been  perpetuated  by  the  fact,  that  bridges  of  acknow* 
ledged,  and  to  all  appearance  of  equal  excellence,  have  been  con- 
structed with  semi«circttlar,  semi-elliptical,  and  curves  of  various 
other  denominations,  and  consequently  possessing  very  differ- 
ent  properties.  Some  have  contended  that  semi-circuhr  arches 
oogBt  in  most  cases  to  be  preferred,  because  they  press  moro 
perpendicularly  upon  the  piers  than  smaller  poitions  of  circles, 
and  in  proportion  to  their  number  will  diminish  the  pressure  on 
the  abutments.  Others  have  preferred  the  elliptical  curve, 
where  the  arches  were  to  be  large  and  but  few  in  number, 
because  the  extensive  radius  of  the  semi-circular  arch  would 
occasion  the  central  part  of  the  extrados  or  road-way  to  be  very 
inconveniently  elevated.  This  objection  to  the  semi-circular 
Ibrm  is  obviated  by  adopting  the  elliptical  one,  and  MuUer 
asserts  that  the  elliptical  arch  does  not  press  against  the  piers 
with  a  greater  force  than  a  circular  .one ;  ancf  being  lighter, 
from  requiring  a  smaller  quantity  of  materials,  will  conse*- 
quently  be  mote  lasting. 

.As  the  stren^h  of  a  bridge  depends  so  much  on  mathemati- 
cal principles,  it  seems  natural  to  look  for  and  to  regard  with 
deference,  the  opinions  of  the  most  eminent  mathematicians.  * 
If  mere  theorists  differ  from  each  other,  those  who  enjoy  alike 
the  light  of  theoretical  and  practical  knowledge,  may  discover 
the  sources  of  the  errors  which  have  occasioned  contradictory 
deductions.  It  was  the  opinion  of  the  celebrated  Dr.  Hutton, 
hte  professor  of  the  mathematics  to  the  royal  military  academy. 
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Woolwich,   that  the  mechanical  arch  of  equilibratioD  is  the 
only  perfect  one  adapted  to  the  principles  of  brid^.    This 
arch,  it  is  asserted,  being  in  exact  equilibrium  in  all  its  paits^ 
can  have  no  tendency  to  break  in  one  part  more  than  another^ 
and  must  therefore  be  the  safest  and  strongest.    A  table  for 
constructing  the  arch  of  equilibration,  is  given  in  the  Doctor's 
Mathematical  and  Philosophical  Dictionary,  under  tbeartide 
bridge.    To  explain  the  nature  of  the  equilibrated  arch,  ne 
shall  advert,    in  the  first  place,  to  the  construction  of  the 
catenarian  curve.    If  a  peifectly  flexible  rope,  of  equal  thick* 
ness  and  density  in  every  part,  were  fastened  by  its  ends  to 
hooks,  or  some  other  supports,  at  any  distance  insufiicient  to 
draw  it  tight,  the  position  which  it  would  assume  is  called  the 
catenarian  curve.    This  is  a  curve  which  has  had  many  advo* 
cates,  among  whom  is  found  the  celebrated  Emerson,  who  coo* 
sidered  it  of  all  curves  the  best  adapted  to  bridge  building. 
The  fact  is,  that  if  the  arch  of  a  bridge  were,  like  the  ropc^ 
of  uniform  thickness  (which  for  the  present  we  will  suppose  to 
imply  uniform  density)  in  every  part,   the  catenarian  curve 
would  be  the  most  proper  for  it,  because  that  curve,  under  such 
circumstances,  is  a  true  arch  of  equilibration.     Hence,  as  the 
uniform  thickness  of  an  arch  can  rarely  be  made  compatible 
with  other  objects  in  constructing  a   bridge,   the  catenariaa 
curve  can  as  rarely  be  the  proper  arch  to  use.    Everjr  pattice* 
lar  form  of  the  extrados  of  an  arch,  requires,  accocdmg  to  the 
principles  of  equilibration,  a  diiEerence  in  the  form  of  the 
intiadoa*    To  render  this  more  clear,  we  will  return  to  the  con* 
sideration  of  the  rope,  suspended  as  above  stated.    Supposinr 
it  to  hang  along  a  wall,  the  curve  it  exhibits  may  be  traoe£ 
When  this  has  oeen  done,  let  the  substance  of  il,  on  the  convex 
side,  be  increased  in  some  parts,  for  example  at  the  bannchca; 
it  will  then  no  longer  describe  a  catenary,  and  it  would  be 
found  that  every  diflerence  in  the  additions  made  to  it  will 
produce  a  diflference  in  its  curvature.    If  the  experiment  ooold 
oe  made  with  materials  really  possessing  perfect  flexibility^ 
these  diflerenees  would  be  very  perceptible,  and  if  the  points  of 
suspension  were  at  a  distance  trom  each  other  iest  eqiwl  to  the 
diameter  of  a  circle  which  the  rope  would  half  encompesa,  it 
would  be  found  that  the  rope  would  require  the  additions  made 
to  it  to  be  as  represented  by  No,  9,  1^.  II.  pi.  II.  be&eetbe 
concave  side  of  it  would  describe  a  seminrirde.    Bet  when  these 
additions  weie  made,  the  oontonr  of  the  figure,  if  iatraveited, 
as  shown  by  No.  1,  would  represent  the  section  of  en  eqnilii* 
brated  arch»  the  intrados  of  which  shonid  be  sesntciroeler.    Ae 
an  extiadoB  or  tenniBeting  line  of  well  miuiieg  ep  at  both 


BUILDINGw  331 


Arch  of  eqailibntion. 


in  this  manner,  is  far  remote  from  any  form  that  is  admissible 
in  practice,  aemi-circular  arches  are  never  balanced  or  eqaili* 
bmteii;  and  the  advocates  of  the  equilibrating  system  assert,  that 
though  such  arches  have  stood  for  centuries,  this  event  has  only 
Iiappened  in  consequence  of  the  cement  and  friction  nvhich  have 
prevented  the  stones  from  being  pushed  out  of  their  places. 
Hence,  they  add,  that  if  the  materials  were  only  placed  in 
contact,  without  cohesion  or  friction,  they  would  not  stand 
when  the  road-way  was  straight,  or  a  convex  curve  throughout 
the  length  of  the  arch,  or  in  any  other  way  different  from  the 
ligure  above  referred  to. 

These  observations  will,  we  hope,  communicate  to  the 
leader,  an  idea  of  the  nature  of  equilibrated  arches.  The 
•abject  is  interesting  and  impoitant,  and  to  dismiss  it  without 
some  explanation  of  this  kind,  would  be  denying  it  the  notice 
to  which  it  is  fairly  entitled.  Here,  however,  it  may  be  ob- 
served, that  the  subtile  refinements  of  theory,  whatever  may  be 
their  general  utility,  are  not  always  found  to  be  directly 
applicable  to  practice,  and  we  may  therefore  sometimes  act  in 

S>position  to  them,  not  only  with  safety,  but  with  advantage, 
ridges,   which  have  not  been  equilibrated,   have,  as  before 
stated,  endured  for  ages,  and  appear  likely  to  endure  till  the 
materials  of  which  they  are  composed  crumble  away.     Hence 
we  are  afforded  a  reasonable  encouragement  to  construct  again 
such  arches  as  they  are  composed  of,  whenever  their  form 
suits  us  in  other  respects.     Tl^ough  the  mathematical  reasoning 
(m  arches  of  equilibration  he  just,  yet  it  applies  with  strict 
propriety  only  to  homogeneous  materials,    and  to  structures 
acted  upon  by  no  power  but  that  of  gravitation.     If  the  form 
it  prescribes  were  attended  to,  under  the  pressure  of  a  waggon 
or  any  other  load,  it  would  cease  to  be  an  arch  of  equilibration, 
and  without  the  friendly  aid  of  cement  and  friction,  would  no 
mote  be  aUe  to  stand  tnan  any  other  kind  of  an  arch.     In  the 
practical  operations,  also,  of  constructing  a  bridge,  the  proper 
configuration  of  the  stones  for  many  kinds  of  curves,  eitner 
caimot  be  determined  by  any  unexceptionable  rule,    or   if 
deteminable,  is  apt  to  be  mistaken  and  subject  to  considerable 
difficulties  of  execution.     The  aggregate  of  small  deficiencies 
criirinating  in  this  way,  is,  in  extensive  structures,  incalculably 
asbveraive  of  strength.     Semi-circular  arches,  or  those  of  any 
less  portion  of  a  circle,  having  all  their  stones  of  the  same 
figure,  and  which  therefore  it  is  easy  to  form  with  correctness,: 
aM    impossible  to  misarrange  in  the  work,    are,  there  canr 
hardly  be  a  doubt,  more  unimrmly  built  strong,  than  any  other 
kiad  of  arches,    Next  to  circular  curves,  dltptical  ones  admit' 
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the  tXontB  of  which  they  nrast  be  compowd  to  be  fonned  in  the 
most  certain  and  satiafactorjr  manner,  and  though  it  may  ba 
much  more  difficult  in  them,  than  in  circabr  arches,  to  make 
the  surfaces  intended  to  be  in  contact,  press  against  each  other 
simaUaneously  and  uniformly  in  every  part,  under  any  constant 
or  occasional  weight,  yet  with  care  it  may  be  done,  or  at  lettt 
the  imperfection  may  be  so  small  as  to  produce  little  ultimate 
disadvantage.  For  oiber  curves,  it  appears  difficult  to  contrive 
an  easy  and  unexceptionable  mode  of  forming  the  stones,  or  to 
determine  from  what  point  or  points,  their  joints  should  appear 
to  radiate;  besides  the  constant  risk  from  their  varied  shapes,  of 
putting  them  in  wrong  places.  But  as  aemi«eUipiical  arches 
approximate  very  nearly  to  the  form  of  equilibrated  arches, 
as  their  contour  b  not  only  graceful,  but,  in  navigable  rivers 
especially,  very  convenient,  from.the  elevation  of  their  haunches^ 
as  they  can  be  made  also  to  so  great  a  variety  of  heights  with 
the  same  span  or  greatest  horizontal  width,  and  combine  with 
these  properties  the  greatest  facUity  of  execution,  next  to  the 
circular  form,  the  opinion  of  architects  generally,  is,  for  exteo* 
sive  structures,  decidedly  in  their  favour.  In  small  brid^^ 
a  semi-circular  arch  may  be  adopted  with  propriety,  where  the 
extra  quantity  of  materiab  reonired  by  that  form  is  do  object, 
and  when  a  strong  arch  of  tne  easiest  execution  is  desired. 
When  a  semi-circular  arch  would  be  two  elevated  for  the  sitm^ 
tion,  a  segment  of  a  circle,  not  exceeding  sixty  degrees,  may. 
be  employed. — All  segmental  arcljOK,  less  t£m  a  semi^ifcle,  are 
called  tcheme^arches. 

The  dimensions  of  the  pieis  of  bridges  are  commonly  deter- 
by  thoae  of  the  arch.  Their  breadth  should  not  exceed 
a  fourth,  nor  be  less  than  one-sixth  of  its  span.  To  break 
the  force  of  the  current,  they  have  mostly  angiuar  ends  so  as  to 
present  an  edge  in  front ;  though  sometimes  their  ends  are  aeni* 
circular,  in  order  that  such  bodin  as  are  impetuously  brought 
down  the  river,  when  they  strike  against  them,  may  be  deflected 
toimrds  the  middle  of  the  arch.  To  prevent  the  stability  of  the 
piers  from  being  endangered,  by  the  washing  away  of  their 
foundations,  occasioned  by  an  increased  velocity  of  the  cumni, 
the  bed  of  a  river  must  be  sunk  or  hollowed  in  pnqpoction  to 
the  room  taken  up  by  the  piers,  in  order  that  toe  water  may 
cain  in  depth  what  it  loses  in  breadth ;  or  the  current  may  lie 
broken,  bv  stopping  the  bottom  with  rows  of  planks,  stakes  or 
^es.  The  coramted  Palladio  gives  the  following  proportions 
of  a  bridge  designed  by  him :  the  river  was  one  nuadred  and 
eighty  feet  wide;  making  three  arches  in  the  bridge,  he  gavo 
sixty  ftet  to  the  oentre  arcO|  and  to  the  other  two  foity*eight  feel 
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cadi.  The  piera  were  twelve  feet  thick,  or  ohe^fifth  part  of  the 
spanof  (he  middle  arch,  and  a  fourth  part  of  that  of  the  smaller 
ones*  The  arches  were  a  little  less  than  a  serai-circle,  and  their 
keystone  one-seventeenth  part  of  the  span  of  the  middle  arch, 
and  one-fourtemth  part  of  the  other  two.  In  an  arch  of  twenty- 
four  feet,  Palladio  makes  the  length  of  the  keystone  about  sixteen 
inches,  which  is  deemed  a  very  eligible  she. 

Autumn  is  in  general  the  most  favourable  time  to  lay  the 
foundations  of  a  bridge,  as  it  is  commonly  the  driest  season  of 
the  year,  and  the  consequent  lowness  of  the  waters,  is  favourable 
to  the  work.  The  simplest  mode  of  overoominff  the  inconvenience ' 
of  the  water,  in  layms  the  foundations  of  piers,  consists  in 
turning  the  river  out  of  its  course,  above  the  place  designed  for 
the  bridge,  into  a  new  channel  cut  for  it  near  where  it  makes 
an  elbow  or  turn.  As  this  plan  b,  however,  seldom  expedient, 
and  oAen  not  practicable  at  a  reasonable  ex|)ense,  the  use  of 
the  cofier-dam,  or  enclosure  to  keep  off  the  water,  is  mueh  more 
common.  By  the  coflfer*dam,  a  part  only  at  a  time  of  the  bed 
of  the  river  is  inclosed  from  the  water,  which  flows  in  a  free 
current  along  the  unenclosed  pirts  of  its  bed.  An  account  of 
the  method  employed  by  the  ingenious  Robert  Semple  in  lay* 
in^  the  foundations  of  fissex-brrage,  in  Dublin,  will  illustrate 
this  subject  Round  the  place  where  the  intended  pier  was  to 
be  built,  two  rows  of  strong  piles  were  driven,  about  thirty 
iaofaes  from  each  other,  and  whicli  were  left  at  low  water-mark. 
These  piles  were  lined  with  planks,  between  which  was  rammed 
a  quantity  of  clay,  and  thereby  the  wall  of  the  cofler«dam 
was  formed.  Within  this  wall  were  driven  a  row  of  piles,  dove* 
tailed  at  their  edges,  so  as  to  receive  each  other,  and  which 
formed  the  extremities  of  the  plan  of  the  piers  at  the  level  of  the 
bed  of  the  river.  After  having  dug  to  a  fine  stratum  of  sand, 
about  four  feet  lower,  withiii  these  a  great  number  of  other  piles 
weve  driven  as  deep  aa  they  could  possibly  be  made  to  penetrate. 
The  intervals  of  these  piles  were  filled  up,  and  in  order  io  pro- 
duce a  solid  foundation,  the  fiist  course  was  laid  with  mortar 
Blade  cf  roach-lime  and  sharp  gravel,  and  on  this  lari^e  flat 
stones  were  rammed  to  about  a  foot  in  thickness.  On  this 
first  course  was  laid  a  thick  coat  of  dry  lime  and  gravel  of  th^ 
same  quality,  on  which  were  again  laid  stones  and  the  mortar 
aa  at  first;  and  so  on  alternately  until  the  pier  arrived  at  a  level 
with  the  piles.  Three  beams,  stretching  the  whole  length  of 
the  pier,  from  sterling  to  sterling,  were  fastened  down  to  tiie 
cnde  ci  these  piles,  and  their  intervals  filled  up  with  masonry. 
Ob  this  plaCform,  which  was  four  feet  six  inches  under  low« 
Wileiwtiiark,  was  laid  the  first  course  of  itpmy  for  -tbe  pier, 
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cnmifed  logelhery  aad  joioled  .with  ttnm  ■MNiar  as  qmhiI; 
coorfo  of  cUmei  were  bid  in  this  mannery  until  the  pien 
woe  oa  a  level  with  Ibe  water  aft  ebb  tide» 

The  caisMNi  is  a  oootriTaoce  of  still  nsoie  erteaded 
than  the  cofler-dam,  from  being  better  sailed  to  mjr  deep  aniil 
lafrid  itreans.  The  most  consideiaUe  work  whm  caissoos 
have  b(«n  employed,  was  in  the  buiUiag  of  Wertiniflaier4iridge, 
of  whichy  thmtore,  a  particular  accoont  may  be  intcfcsting. 
Each  of  the  caissoos  oootaiacd  one  handred  and  fifty  loads  of 
fir  tisiber,  and  was  of  greater  loonace  than  a  fripate  q£  SoHf 
gam ;  their  siae  was  nearly  eighty  net  from  point  to  poinfti 
and  thirty  feet  in  breadth ;  the  sides,  which  were  ten  wet  in 
height,  were  finmed  of  timbeiB  laid  horizontally  over  one  aao» 
ther,  pinned  with  oak  tmnnels,  and  ftamed  together  at  all  the 
corner^  ewept  the  salient  angles,  where  they  were  secnred  by 
proper  iron-work,  which  being  nnscrewed,  would  pennit  tit 
aides  of  the  caisKNi,  had  it  wen  foond  necessary,  to  divide 
into  two  parts.  These  sides  were  planked  across  the  timben, 
inside  and  oplside,  with  thie&>inch  planks  in  a  vertical  position* 
The  thicknesKyf  the  sides  was  eighteen  inches  at  the  bottooi,  and 
fifteen  inches  at  the  top;  and  in  order  to  strengthen  them  more, 
every  angle  except  tne  two  pohits,  had  three  oaken  knee  tinv 
bers  properly  bolted  and  secured.  Theie  sides,  when  finished, 
were  hntened  to  the  bottom  or  grating,  by  twenty-e^ht  pieosif 
of  timber  on  the  ontside,  and  eighteen  within,  calbd  strapSL 
about  eight  inches  broad  and  three  inches  thick,  reachiii^  and 
lairing  over  the  tops  of  the  sides.  The  lower  part  of  these 
straps  were  dove»tailed  to  the  outer  curb  of  the  grating,  and 
kept  in  their  places  by  iron  wedges.  The  purpose  to  be  answer^ 
ed  by  these  straiw  and  wedges  was,  that  when  the  pier  was  bniit 
«p  sofiiciently  high  above  low-waternnaik,  to  render  the  caisson 
no  longer  necessary  for  the  masons  to  work  in,  the  wei%es  being 
drawn  up,  gave  liberty  to  clear  the  straps  from  the  martioesi 
in  consequence  of  which  the  sidm  rose  b^  their  own  bno^UMs^t 
leaving  the  grating  under  the  fimncfaition  of  the  pier.  The 
ressnre  of  the  water  upon  the  sides  of  the  caisBOO^  was  lesislal 
means  of  a  ground  timber  or  ribbon,  fanrteen  inches  wide 
nnd  seven  inches  thick,  pinned  upon  the  upper  row  of  timbelk 
c(  the  grating;  and  the  top  of  the  sides  was  secured  bj  a  snfl^ 
cient  number  of  beams  laid  acrow,  which  also  served  to  BnppacC 
a  fioor  on  which  the  labourers  stood  to  hoist  the  slons  ontof  the 
Ughter^  and  to  lower  them  into  the  caismn. 

The  caisson  was  provided  with  a  sluice  to  adaut  die  water* 
The  method  of  working  was  as  follows :  a  pit  beiag  dug  and 
kfoUed  in  the  proper  situation  fee  the  itofy  of  ftha  same  ahapaai 
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Che  eaiascm,  and  about  five  fiwt  irkler  all  ro^nd,  the  cafmon  was 
Inroi^ht  to  ttff  position,  a  few  of  the  lower  courses  of  the  pier 
were  built  in  it,  attd  it  was  sunk  once  or  twice  to  prove  the  level 
of  the  foundation ;  then,  being  finali^  fixed,  the  raiimns  worked 
in  the  usual  method  of  tide^work.  About  two  hom^  before  low 
water,  die  sluice  of  the  caisson,  kept  open  till  then,  lest  tte 
water,  ilowfaig  to  the  height  of  many  more  fret  on  the  outside 
than  the  inside,  should  float  the  caisson  and  all  the  stone  work 
tat  of  its  true  place,  was  shut  down,  and  the  water  pumped 
kiw  enough^  witnout  waking  for  the  lowest  ebb  of  the  tide,  for 
the  masons  to  set  and  cramp  the  stone^work  of  the  succeeding 
eouraes.  Then,  when  the  tide  had  risen  to  a  consMerable 
height,  the  sluice  was  opened  again,  and  the  water  admitted ;  and 
as  the  caisson  was  purposely  tmilt  but  ten  feet  high  to  save  us^ 
less  expense,  the  high  tales  flowed  some  feet  above  the  sides, 
but  Without  any  damage  or  inconvenienoe  to  the  works,  tn  this 
oMinner  the  work  proceeded,  till  the  pier  rose  to  the  surface  of 
the  caisson,  when  the  sides  were  floatea  away,  to  serve  the  same 
fNnrpdse  at  another  pier. 

To  change  altogether,  for  a  time,  the  course  of  a  river,  by 
providing  it  irith  a  new  channel ;  or  to  divert  a  part  of  the 
eurrent  at  once  by  the  erection  of  a  coflTer^^am,  may  be  classed 
among  those  simple  and  obvious  expedients  to  obtain  the  meant 
iif  laying  the  foundations  of  a  bridge,  which  would  suggest 
theolselves  in  the  infency  of  aauatic  architecture.  ImproV^ 
nent  seems  to  have  gone  no  ftirtner  for  a  long  time.  In  early 
periods^  if  the  first  means  that  suggest  themselves  to  accomplish 
me  end  in  view,  possess  the  two  grand  requisites  of  possibility 
and  tStckeneyj  tne  mavch  of  invention  is  inrpeded  by  a  willing 
prodigality  of  labour.  The  caisson^  nn  invention  of  greater  re> 
inement,  and  bolder  aspect,  probably  originated  in  a  much 
kler  period ;  but  when  iim  succe^  which  attended  the  use  of 
it  once  became  familiar  to  architects,  the  transition  seems  natural 
And  easy,  from  a  caisson  of  wood,  which  is  floated  away  when 
BO  longer  wanted,  to  a  caisson  of  stone  which  should  perma* 
gently  remain  the  external  pait  of  the  pier.  It  would  soon 
awpear  to  the  mind  of  him  who  was  first  struck  with  this  happy 
Mm,  that  by  the  common,  well*known  means,  the  stones  mi<cbt 
be  cemented  so  perfectly  as  to  be  impervious  to  water ;  that 
they  might  be  cramped  so  firmly  together,  likewise,  that  no  force 
to  whim  they  need  be  expoeed  would  injure  the  work;  and 
that  as  the  weight  of  the  heaviest  stones  employed  in  building 
is  only  about  two  and  a  half  times  greater  than  that  of  wateri 
jfte  proportion  which  must  subsist  between  the  solid  and  the 
ImHow  pavt  >of  any  asass  of  masonry  intended  to  float,  could 
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not  only  always  be  determined  with  fiicility,  bat  was  so 
as  not  to  occasion  a  fear  of  success.  Indeed  so  great  appears 
to  be  the  practicability  of  the  plan,  that  Uie  praise  pf  ingenuity 
exclusively  belongs,  not  to  him  who  shall  carry  it  into  execn* 
tion,  but  to  htm  by  whom  it  was  first  suggested.  We  shall 
proceed  concisely  to  notice,  a  few  particulars  respecting  it. 
General  Bentharo  took  out  a  patent,  dated  April  2,  1811,  for 
a  new  and  economical  raethoid  of  laying  the  foundations  for 
bridges,  wharfs,  ftc.  He  proposes  the  construction  of  bollpw 
masses  of  masonry,  brickwork,  Sec.  which  he  would  afterwards 
float  to  and  sink  at  the  place  desired.  He  directs  a  calculation 
to  be  made  of  the  weight  which  any  of  these  masses  will  have 
to  bear  when  employedas  piers,  or  for  any  other  purpose,  and 
vessels  properly  loaded  to  be  grounded  upon  them,  so  as  to  sink 
them,  when  the  tide  retires,  as  low  as  they  would  otherwise 
have  been  ultimately  sunk  by  the  weight  they  are  to  sustain, 
and  thus  prevent  their  sinking  after  the  structure  is  finished. 
J*  I.  Hawkins,  in  a  letter  to  the  Editors  of  the  Repertory  of 
Arts,  &c.  states,  that,  several  years  previous  to  the  diato  of  the 
above  specification,  he  had  mentioodd  the  leading  featuie  of  the 
G^neiBl's  plan,  and  also  of  that  with  respect  to  tte  suspension  of 
centermg,  proposed  by  Telford,  in  his  report  to  the  House  of 
Commons,  for  throwing  a  brid^  over  the  straits  of  Menai,  to 
several  of  his  friends,  who  highly  approved  of  Uiem.  He 
attributes  not  disingenuity  to  these  gentlemen,  in  borrowing 
bis  pUns,  being  aware  of  the  similarity  of  ideas  which  may 
occur  to  different  persons,  independent  of  each  other,  when 
engaged  with  the  same  subject ;  but  lays  claim  to  priority  of 
invention,  and  developes  to  the  public,  the  particulars  of  a  plan 
which  he  had  lon^  before  circulated  amon^  his  firiends.  Ha 
would  build  his  piers  on  'shore,  in  some  situation  where  they 
might  be  launched  like  a  ship;  he  would  cramp  the  outside 
stones  strongly  with  iron,  and  would  make  the  walls  of  such  a 
thickness  that  they  might  float  in  waiter.  He  would  have  a 
valve  in  the  wall,  to  admit  water  whenever  it  might  be  proper  to 
a&nk  the  pier,  and  a  pipe  fixod  through  the  top,  oommunicat> 
ing  with  the  lower  part  of  the  inside,  on  which  pipe  a  pump 
must  be  fixed,  for  drawing  the  water  out,  should  tnat  measure 
be  necessary. 

To  form  a  good  foundation,  a  space  in  the  bed  of  the 
river,  rather  larger  than  the  base  of  the  pier,  must  be  excavated 
and  levelled  by  the  means  used  in  takmg  up  ballast,  and  the 
spot  muft  be  piled,  if  necessary,  as  on  other  oocaaions  of  the 
luad.  He  details  the  means  of  makin|[  a  platform  over  the 
place  intended  for  erecting  the  pier,  wmch,  when  aunk^  must 
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bfffe  bricks  or  stones  let  down  into  it  eqval  at  least  in  weight  to 
the  water  required  to  sink  it.  The  water  must  then  be  painped 
€wt,  when  the  workmen  may  descend,  to  lay  the  stones  or 
bricks  in  mortar,  and  fill  up  tl«  whole  interior :  thus  he  obtains 
a  solid  pier. 

In  situations  where,  from  the  state  of  navigation,  or  any 
iythec  cause,  it  may  be  inconvenient  to  erect  centering  in  the 
<Hislomary  way,  he  woiild  not  hesitate  to  adopt  suspending 
chains.  However  bold  the  idea  may  appear,  it  will  not  be 
deemed  impracticable,  when  it  is  considered  that  (he  weight  of 
an  arch  of  any  given  dimensions  is  easily  calculated,  and  the 
sospending  power  of  iron  is  known;  consequently  no  arch  can 
be  so  heavy,  but  that  a  sufficient  number  of  chains  may  be  pro- 
vided to  bear  more  than  the  weight.  The  chains  may  ad?antd« 
geously  be  composed  of  long  bars  of  iron,  merely  turned  up 
the  emls,  so  that  when  done  with,  they  may  have  these  enos 
eni  off,  and  be  sold  as  bar  iron  again. 
,    That  the  piers  of  bridges  may  be  built  hollow,  and  renderrd 

rrfectly  manageable  in  or  under  water,  at  a  consideraUe  depth, 
put  bqrond  a  doubt  by  an  experiment  which  J.  I.  Hawkins 
conducted  for  the  Thames  Archway  Company.  Two  hollow 
i^lioders  of  brickwork,  upwards  of  eleven  feet  diameter,  and 
Iwenty^five  long  each,  were  sunk  through  thirty  feet  of  water  in 
the  rivnr  Thames,  and  bedded  precisely  at  the  spot  prmosed. 
These. cylinders  were  built  in  a  barge,  in  October  and  Novem- 
ber J810,  and  launched  into  the  waiter,  where  they  remained 
floating  all  winter,  and  were  sunk  in  the  river  in  the  Spring 
of  1811.  They  were  under  such  perfect  command,  that  from 
a.  stage  erected  on  the  bed  of  the  river,  and  supplied  with 
aoitable  windlasses,  puUies,  ropes,  &g.  they  were  lowered, 
raised,  or  moved  in  lateral  direction  without  difficulty.  These 
experiments  left  not  a  doubt,  that  masses  of  masonry,  of  large 
dknensions,  might  be  fixed  through  tlie  water,  in  the  bottom* 
of  a  river  or  harbour,  to  the  depth,  if  requisite,  of  one  hun- 
dred or  more  ieet.  They  were  instituted  for  the  purpose  of 
asoertainiog  the  practicability  of  forming  a  tunnel  under  the 
Thames,  upon  a  cheaper  and  more  certain  plan  than  undermin- 
ing it,  as  was  first  projected.  The  result  proves,  that  by  thie 
mdbod,  communications  may  cheaply  and  to  a  certainty  be 
formed  between  the  opposite  shores  of  rivers,  in  almost  all 
situations  where  the  navigation,  or  any  other  circumstance^ 
vcodeis  bridges  inadmissible. 

Theinvmlions/reGOided  in  the  preceding  details,  pramiae 
the. dawn  of  a  new.  era  in  the  science  of  aquatic  arcliitcctaiisu 
Thi^  cxiaid  iBOommensurably  the  limits  of  our  views,  and  wiU 
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lead  lo  undertakings  of  the  boldeil  and  most  novri  dumielaw 
Telford,  in  his  report  to  the  House  of  Commons,  on  tbrowin|f 
M  iron  brid^  of  one  arch  over  the  straits  of  Menai,  to  conneel 
tlie  Isle  of  Anglesca  with  the  county  of  Oliernarvoo,  proposes 
to  suspend  the  centering,  although  the  span  of  the  lequiiud 
arch  will  be  six  hundred  feet. 

The  common  breadth  of  bridges  is  about  thirty  ftet;  bdt 
when  they  form  the  avenues  to  faurge  towns,  the  carriage  road  ia 
nearly  this  breadth,  and  they  have  besides  a  raised  foot-palb 
from  six  to  nine  feet  broad  on  each  side.  The  breadtn  €$ 
Westminster  bridce  over  the  Thames  is  fbrty^faur  fret,  and  the 
breadth  of  Blackfriar^s  bridge,  over  the  same  river,  foKy«two 
fret.  In  large  structures,  the  parapets  are  about  eighteen  feel 
in  thickness;  they  often  project  from  the  bridge  with  a  coraioa 
underneath.  The  parapets  are  parallel  for  the  greater  part  oC 
their  length,  in  the  middle,  but  at  each  end  they  diveripe,  iii 
order  that  the  increased  width  <^  the  road  thus  obtained  wamy 
lender  the  entrance  upon  the  bridge  more  free,  and  unite  better 
with  streets,  which  ate  commonly  wider  than  bridges.  These 
wide  parts  of  the  ends  are  generally  supported  by  the  aoliil 
abutments  alone* 

Piers  and  abutments  aie  not  always  built  solid  thronglHHiAr 
By  the  judicious  use  of  arches  or  vaults,  the  structure  may  bn 
considerabl;^  Ugbtened,  without  having  its  strength  or  dura- 
bility impaired.  The  arch*work  or  h^ows  of  the  piers  are 
generally  made  a  little  above  the  spring  of  the  arch.  When 
the  abutments  are  vaulted,  care  must  be  taken  to  do  it  in  such  m 
manner  that  they  will  bear  the  push  of  the  arch  as  completely 
as  before.  The  sides  of  the  fiMindationa  of  abutments  aboula 
be  concave  or  dished,  as  this  form  will  conduce  the  asore  efto 
tuaUy  to  their  resisting  the  prenore  upon  them. 

With  regard  to  the  superstructure  of  a  bridge,  it  osay  he 
observed,  that  when  the  first  course  of  stones  has  been  disposei 
upon  the  centering,  or  wooden  framework,  the  remaimng 
courses  may  be  laid  with  their  bedding  joints  horiaonlal,  iw 
which  case  they  will  press  upon  the  fint  course  as  a  dead  weighty 
without  contributing,  except  by  their  pressure,  to  the  strength 
ef  the  arch ;  or  the  subsequent  courses  ma^f  be  laid  in  the  same 
manner  as  the  first  courre,  so  as  to  be  like  a  seiles  of  arclMi 
built  ever  one  another.  The  latter  is  the  mode  most  consonant 
t0  the  laws  of  strength. 

As  the  principd  obiects  of  this  work  are  of  a  pnctieal 
aniiue,  we  confine  ourselves  to  few  and  transient  ahetohes  ol  hie* 
torical  research;  yet  in  this  place  it  wiii  be  inlenfitingtD  nmnjf 
tiid  nffirrrt  mnttgr  for  dcdnctioiis  which  will  snpcoeda  the  diyuess 


Aa  accoMit  of  tbe  MMt  reimrkable  ttone  Inidfw. 

«f  fiifiher  precept,  if  we  notice  some  of  the  most  leraariuble 
tlonc  bridges  which  have  been  erected  at  different  periods. 

Of  all  the  bridges  of  antiqaity,  that  ^boilt  by  the  Roman 
emperor  Trajan  over  the  Danube,  is  allowed  to  have  been  the 
moat  manifioent.  It  was  demolished  by  his  immediate  sue* 
oessor  Adrian,  and  the  ruins  are  still  to  be  seen  in  the  middle  of 
llie  Etanubci  near  the  citv  of  Warhel,  in  Hungary.  It  had 
twenty  piers  of  stone,  and  each  pier  was  one  hundred  and  fifty 
leet  high  above  the  foundation,  sixty  feet  in  breadth,  and  one 
hundrra  and  seventy  feet  distant  ftom  one  another,  which  was 
Mie  span  or  width  of  the  arches,  so  that  the  whole  length  of  the 
bridge,  exceeding  fifteen  hundred  and  ninety  yards,  was  nearly 
one  mile. 

In  France,  the  Pont  de  Ghirde  is  a  very  bold  structure;  the 
Bieii  being  only  thirteen  feet  thick,  yet  serving  to  support  an 
unmensB  weight  of  a  triplicate  arcade,  and  joining  two  mourts 
tains.  It  oonsiats  of  three  bridges,  one  over  another;  the 
tqppermoet  of  which  is  an  aqueduct. 

The  bridge  of  Avi^on,  which  was  finished  in  the  year 
1188,  consttts  of  eighteen  arches,  and  measures  thirteen 
hundred  and  forty  paces,  or  abont  one  thousand  yards  in 
length. 

The  famons  bridge  at  Venice,  called  the  Rialto,  has  been 
nenaily  vqjiatded  aa  a  master-piece  of  art.  It  consists  of  only 
ope  very  flat,  bold  arch,  nearly  one  hundred  feet  span,  and 
only  twenty4hree  feet  high  above  tbe  water.  It  was  built 
in  1S91.  Yet  such  structures  sink  to  uisignificanoe  whert 
oompared  with  a  bridge  in  China,  built  from  one  mountain 
to  another,  consisting  of  a  single  ardi,  six  hundred  feet  lon^r, 
and  seven  hundred  and  fifty  feet  high,  whence  it  is  called  the 
flying  bridge. 

London  bridge  was  built  about  the  commencement  of  the 
thirteenth  eantnry.  It  consisted  at  first  of  twenty  arches,  each 
of  them  only  twenty  feet  wide ;  but  the  two  middlemost  were 
thrown  into  one  in  17jfi,  and  another  next  one  side  ia  concealed 
or  covered  up.  It  is  nine  hundred  feet  long,  sixty  feet  high, 
and  aeventy^mir  feet  wide.  The  piers  are  from  twenty-five  to 
thirty«fcar  feet  broad,  with  sterlings  projecting  at  the  ends;  so 
that  the  mot  water-way,  when  the  tide  was  afa^e  the  sterlings, 
wna  fonr  liniidnd  and  fifty  feet,  scarcely  half  the  bicadth  of 
the  river;  and  below  the  sterlings,  the  water-imy  was  reduced 
lo.one  hnadrcd  and  ninety-four  fett,  before  the  opening  of  the 
csntie.  At  the  tine  the  two  middle  arches  were  thrown  into 
osMy  Hm  honaes  which  had  been  elected  upon  the  bridge  were 
nad  wsiMa  otlwr  aUeiwtioos  nnd  fspnift  nndeitelcen 
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aft'  an  expcnie  of  jg80,000.  Bot  so  large  a  sum  is  itill  anaaaOy 
tcqniral  to  keep  it  in  irpair,  that  the  preKrvalion  of  it,  instead 
of  cieoting  a  new  one,  may  be  constdeted  an  act  of  nalidaal 
unprotidence.  In  ooaseqqeDoe  of  tbe  water-way  facing  so 
much  contracted,  the  tide,  at  its  ebb  and  flow,  rushes  through 
the  arches  with  such  prodigious  riolence,  as  to  occasion  a 
cataract,  which  prevents  or  rendeis  highly  dangerous,  tb6 
passage  of  boats. 

The  kmgest  bridge  in  England,  b  that  over  the  Trent  at 
Burton,  built  in  the  twdfth  century,  of  squared  free-stone.  It 
is  strong  and  lofty,  and  contains  thirty-four  arches.  Its  whole 
length  is  fifteen  hundred  and  forty*five  feet. 

One  of  tbe  most  singular  bridges  in  Europe,  is  that  built 
in  the  year  1756,  over  the  Tw,  in  Glamorganshiie,  by 
William  Edward,  a  poor  country  mason.  It  consists  of  only 
•ne  stupendous  arch,  which  thou^  only  eight  feet  broad,  and 
4hirty*nve  feet  hi^,  is  no  less  than  one  huMred  and  forty  feet 
span,  being  part  of  a  circle  of  one  hundred  and  seventy»five  feet 
in  diameter.  It  is  tbe  last  of  throe  bridges  erected  on  the  same 
spot  by  the  same  penon,  and  it  deserves  to  be  mentioned,  were 
it  only  to  record  the  amazing  perseverance  of  the  builder,  under 
very  discouraging  circumstances.  Tbe  first  bridge  be  erected 
consisted  of  two  arches,  and  he  was  bound  to  uphold  it  for 
seven  yean.  It  was  swept  awav  before  the  expiration  ot  the 
term,  by  a  flood,  that  brought  down  a  prodigious  mass  of 
floating  materials,  which  obstructed  the  progress  of  the  tonenC 
through  the  arches.  Edward,  whose  pefseverance  increased, 
and  whose  genius  expanded,  under  his  misfortunes,  determin- 
ed to  prevent  the  recurrence  of  a  simikr  event,  from  the  Kke 
cause,  bymakuigonly  one  arch.  The  first  bridge  attempted 
upon  this  plan,  sprung  at  the  crown  and  fell  before  it  was 
finished,  from  the  great  weight  of  the  ends.  This  severe  blow 
again  called  forth  the  resources  of  his  ingenuity;  he  disdained 
to  g^rt  up  the  project  of  haying  one  arch  only,  but  gnaided 
against  bis  lale  accident,  by  making  the  ends  of  the  bridge 
hollow,  and  thus  he  succeeded. 

Of  modem  bridges,  those  of  Westminster  and  Bbckfrian, 
over  the  Thames^  at  London,  are  esteemed  the  two  finest  in 
Europe.  The  former  is  upwards  of  four  hundred  yards  loo^. 
It  consisis  of  thirteen  large  and  two  small  arches,  all  semi- 
ciiadar,  with  fourteen  inleraiediate  {Hers.  The  arches  all  spriii|^ 
from  about  two  feet  above  low*water  mark.  The  middle  arch  is 
iefenty-tix  feet  wide,  and  the  others  on  each  sidedecvflMe  always 
by  four  feet  at  a  time.  The  twoYniddle  piers  are  each  sevnnteea 
feet  thick  at  the  sprisigiog  of  the  asdMi;  and  theotiMn 
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equally  on  each  side  by  one  foot  at  a  time;  every  pier  terminat- 
ing with  a  salient  right  angle  against  either  stream*  This 
bndge  is  built  of  the  best  materials,  and  in  a  neat  and  elegant 
taste,  but  the  arches  are  too  small  for  the  quantity  of  masonry 
it  contains.  It  was  begun  in  the  year  1738,  and  opened  in 
1750.     It  was  executed  at  an  expense  of  £389,500. 

Blackfriar's  bridge,  which  is  nearly  opposite  the  centre  of 
the  city  of  London,  was  begun  in  1760,  and  competed 
within  eleven  years  from  that  time.  It  is  an  exceedingly  light 
and  elegant  structure ;  but  the  materials  do  not  seem  to  have  been 
well  sdected,  as  some  of  the  arch-stones  are  already  decaying* 
It  consists  of  nine  elliptical  aiy;hes.  The  centre  arch  is  one  hun* 
dred  feet  wide,  and  those  on  each  side  decrease  in  res^ular 
gnubtion,  to  the  smallest,  at  each  extremity,  which  are  seventy 
feet  wide.  Its  length,  from  wharf  to  wharf,  is  about  nine 
hundred  and  ninety-five  feet.  The  extrados  is  a  portion  of  a 
very  huree  circle,  of  convenient  passage  over  it.  It  cost 
£I50,8&.  This  amount  being  so  much  less  than  the  cost  of 
Westminster  bridge,  even  after  making  an  ample  allowance 
for  the  greater  length  of  that  bridge,  is  a  proof  oi  the  advan* 
tage  of  few  and  elliptical  arches  over  many  and  semi*circular 


Miscellaneous  Remarks  relative  to  Building* 
Under  the  present  title,  we  shall  include  a  variety  of  parti* 
culars,  either  not  belonging,  or  not  exclusively  belonging,  to 
Masonry  or  Bricklaying.  Under  the  first  head  of  this  sutxiivision 
of  the  chapter  on  Building,  the  earliest  notice  seems  due  to  a 
sketch  of  the  general  rules  proper  to  be  observed  with  respect 
to  the 

SiiuoUon  and  Plan  of  £fousei. 

With  r^rd  to  situation,  when  the  person  who  is  intending 
to  build  enjoys  ther^advantage  of  choice,  the  proximity  of 
marshes,  fens,  of  a  ffcggy  soil,  or  stagnant  water,  should  be 
avoided.  If  a  river  be  very  near,  the  site  of  the  house  should 
be  on  elevated  ground,  so  as  to  be  out  of  the  reach  of  the 
unwholesome  fogs  and  mists  arising  from  it  early  in  the  morn« 
ing.  A  neighbourhood  where  cattle  thrive,  and  where  the 
iDbabitants  are  healthy  and  cheerful^  or  are  remarkable  for  their 
longevity,  may  be  regarded  as  possessing  a  salubrious  air.  The 
most  essential  requisites  of  a  good  situation,  or  those  which  are 
roost  conducive  to  health,  l^ing  obtained,  minor  advantages 
may  be  regarded  according  tt>  deir  importance.  Abundance 
of  water,  fuel,  and  ways  of  easy  access  to  arrive  at  the  house, 

11.  Vol.  I.  21 
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«re  oomreniences  of  lasting  vdue.  Tbe  advantages  <yf  a  sitna^ 
tion,  with  n>gafd  to  prospect,  are  of  a  more  probleiaatical 
nature,  as  they  are  so  diflhrently  valued  by  diflmnt  petaoiis. 
A  man  of  taste,  will,  however,  undoubtedly  prefer  a  spot  the 
prospect  from  which  is  most  agreeably  diverufied  in  the  oiftribu* 
tion  of  its  land,  wood^  and  water;  and  those  who  have  little  or 
no  relish  for  the  charms  of  nature,  will,  perhaps,  consult  their 
own  comfort  more  than  they  may  be  aware  of,  by  making  the 
same  choice.  There  are  very  few  so  obstinately  moroaci  as  to 
be  uninfluenced  by  the  opinions  of  others,  and  to  observe  those 
about  them,  particuhvly  visitors,  warm  in  their  admiration  of 
(he  surrounding  scenery,  maycmate  a  beneficial  complaoenqf 
which  they  would  otherwise  want- 
Trees  at  a  little  distance  from  a  house  are  better  than  hiUs, 
as  they  yield  during  the  day  in  summer,  a  cooling,  refreshingf 
•weet,  healthy  air,  and  in  winter  break  and  diminbh  the  keenncm 
of  the  winds.  Hills  on  the  east  and  south  side  are  most  inoon* 
venient.  If  the  site  of  a  house  be  low,  the  first  floor  should  be 
set  so  much  the  higher.  Celhurs  contribute  to  the  diynem  of  • 
bouse,  if  the  cielings  and  floors  be  good. 

With  respect  to  the  situation  of  the  parts  of  a  house,  the 
studies,  libraries,  and  chief  rooms,  particularly  the  bedH^luuB* 
bers,  should  fiice  the  east ;  those  offices  which  require  heat,  as 
kitchens,  brewhouses,  bsikehouses,  and  distilleries,  should  hiavv 
touthem  aspects;  and  those  which  require  a  cod  fiesh  aivy  as 
oellars,  pantries,  dairies,  granaries,  a  northem  one^  which  is 
also  projper  for  galleries,  paintings,  musenmS|  fto»  which 
require  a  steady  li^ht. 

When  a  situation  has  been  fixed  on,  the  plan  and  devitioii 
of  every  part  should  be  made  bv  some  person  well  acquatnti4 
with  the  theory  and  practice  of  building.  A  skilful  arcUteol 
will  not  onlv  make  tne  structure  handsome  and  convenient,  but 
will  save  the  great  expenses  often  incurnd  in  rectifying  the 
blunders  of  hasty  and  injudicious  management.  For  a  smaB 
buiUing,  the  elevation  of  each  front,  with  a  pbm,  may  indicalo 
with  sufficient  correctness,  its  ultimate  advantages;  but  fiir  • 
large  mansion,  or  structure  of  an^  description  ooosistinff  of 
many  complex  P^rts,  the  most  oertam  way  to  prevent  mistahw, 
is  to  have  a  pertect  model  of  the  whole  made  to  a  regular  scalo^ 
In  order  that  such  a  modd  may  not  mislead  the  judnsent  by 
pleasing  the  eye,  it  should  be  nuuie  of  plain  wood,  of  ona 
eolour. 

Lodges  and  small  houses,  standing  alone,  have  an  agieeaUo 

apearance  when  of  a  cubical  figure;  but  large  "^^ >*f—  of 
s  shape  look  rather  clumsy;  mMtmg  ia  theMbse  oumtw^y 
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prefismd,  care  beiBg  taken  not  to  make  the  plan  so  long  as  to 
mme  much  room  in  the  passages  which  will  be  lequired,  and 
whieh  wfll  be  difficult  to  light.  When  the  length  of  a  mansion 
doeanotexixed  the  breadth  more  than  onr^third,  the  proportion 
igood. 

Of  Room$* 
The  pt ineipal  objects  io  be  regarded  in  the  arrangement  and 
fmportfeRs  of  roomsy  are  doobtlcss  those  of  conveniencj,  and 
their  adaptation  \o  health.     Rooms,  the  plan  of  which  aie 
lectoignhrt  give  the  gneatest  fiicilitr  to  convenience  of  arrange^ 
■leot,  wilboDt  the  disadTaatage  of  losing  the  space  rendered 
«na?oidahle  bj  adopting  circular  or  other  curved  forms;  but 
with  regard  to  heahn,  the  height  of  a  room  should  at  least  be 
ien  or  twelve  feet,  and  thta  point  should  be  regarded  evea  iu 
apartmenta  too  sniail  io  render  such  an  elevation  proper  in  aa 
afcbiteolnal  point  of  view.    A  aquaro  is  an  agreeaUe  form^ 
int  is  BBOst  proper  for  rooma  not  occeeding  a  mmeiate  siae,  as 
it  caoaat  wcU,  if  vary  lar^^,  be  compkleljr  li|^hted  from  one 
wall,  and  the  company,  whiks  ranged  on  each  side,  aro  too  fiur 
apart.    For  spacious  apartments,  a  ledaa^lar  paralldogram 
or  oUong  is  amore  convenient  figuse,  and  with  regard  to  beauty^ 
oveiy  variation  in  the  pro|imtiott,  from  nearly  a  square  to  a 
sqoaro  and  a  half  ot  scsqaiaiteral,  may  be  emi^yed.    If  th« 
M^gth  of  the  plan  beeateoded  materialfy  beyond  a  sesquiaiteral^ 
the  apatmeat  obtains  rather  the  appearance  of  a  passage  or 
gallery,  and  it  hecosnas  isspassibie  to  adjost  the  Might  so  as 
to  suit  both  the  limgth  and  breadth.    In  square  rooms  of  tha 
irst  sloiy,  the  height  may  be  from  fi>ur«fifths  to  five-sixths  of 
the  brradth  of  the  side;  and  in  oblong  rooms,  the  height  may 
ke  equal  Io  the  width.    An  error  in  fitvour  of  height,  is  prefer* 
able  to  makiaga  room  too  low. 

The  height  of  rooms  on  the  second  story  may  be  ooe-twdfth 
part  less  thu  of  the  chambers  below :  and  if  there  is  a  third 
stosy.  divide  the  height  of  the  secoad  into  twelve  equal  parts, 
of  wnich  take  nine  for  the  height  of  such  rooms. 

Aa  eligible  length  for  galleries  is  five  times  their  breadth, 
and  thqrshoakl  nudy  exceed  eight  times  their  width  ia  length ; 
their  hei^  may  exceed  their  breadth  in  the  proportion  of  a 
third  or  even  threo-fifths.  according  to  their  length. 

As,  however,  in  modern  houses,  all  the  rooms  of  the  same 
sioiy,  are  conunoaly  of  the  same  height,  and  coavenienee 
requires  them  to  be  of  different  siaes,  according  io  theur  use,  it 
follows  that  the  best  proportion  of  the  height  to  the  other 
dunenskms,  cannot  always  be  observed,  without  incurring  some 
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and  the  back,  are  called  covings.  The  throai  is  that  part  of 
the  opening  immediatelj  abore  the  fire,  and  contained  faletweea 
the  mantle  and  the  back. 

When  chimncTB  are  bounded  on  the  top  by  a  tiftag  line^ 
•o  as  to  resemble  the  teeth  of  a  saw,  thej  are  found  to  be  fiur 
less  liabk  to  smoke  than  those  in  other  respects  under  the  same 
circumstances ;  and  in  a  great  rariety  of  cases,  the  cheap  and 
easy  expedient  of  altering  the  tops  of  smoky  chimneys  to  this 
form,  has  been  attended  with  complete  success.  The  partttions 
in  a  slack  should  be  indented  as  well  as  the  outside  wall. 

The  fireplace  is  generally  an  exact  square.  Its  height,  ia 
lanpe  rooms,  is  often  very  properly  made  less  than  a  square, 
and  in  small  rooms,  particularly  when  the  chimney  is  in  a 
comer,  it  is  rather  more.  In  rooms  from  twenty  to  twenty^ 
four  feet  square,  or  of  eqnal  area,  it  may  be  from  four  feet  to 
four  feet  and  a  half  broad;  in  rooms  from  twenty-four  io 
thirty  feet  square,  it  may  be  ftom  four  and  a  half  to  five  feet  i 
and  m  rooms  still  larger,  it  may  be  extended  in  a  similar  pro» 

Crtion  to  six  feet.  If  much  beyond  six  feet,  whatever  nmy 
the  sise  of  the  room,  the  eflfect  will  not  be  good,  for  if  the  m 
be  proportionate,  it  will  excite  rather  the  idea  of  a  fitmace.  Two 
fire>plaees  will  certainly  be  better  than  one  of  such  oveigrowa 
dimensions.  As  to  the  effect  <yf  the  form  of  this  aperture  on 
the  draft,  its  breadth  is  not  very  important,  provided  it  be  mtt 
so  narrow  as  to  prevent  the  covings  feom  standing  with  their 
greatest  power  of  reflection  towards  the  room;  but  the  height 
Mould  sekkm  exceed  two  feet  six  inches  to  the  under  side  of  the 
mantle.  The  throat  shodd  not  be  more  than  torn  or  five  inehcs 
wide;  hot  should  be  contracted  by  a  part  moveable  at  the  back, 
when  the  chimney  requires  sweeping.  The  nearer  the  throat 
is  brought  to  the  fire,  the  stroam  the  draft  will  be.  For  fire» 
places  about  three  and  a  half  feet  wide  in  ffont,  the  fhes  of 
ehimnies,  above  the  throat,  are  usuaBy  made  eqnal  Io  about 
twelve  inches  square;  and  the  general  rule  is,  to  make  the  area 
0f  the  horiiontal  section  of  the  flue,  equal  to  the  area  of  the 
koriaontal  section  of  the  fire.  If  the  flue  were  smooth  and  cii^ 
cular,  this  mode  ot  proportioning  its  sine,  would  doubtless  ha 
found  to  allow  it  unnecessarily  large.  Where  bends  are  required 
in  a  flue,  they  should  be  in  a  curved  and  not  an  angular  direo* 
tion.  High  chimneys  always  draw  better  than  low  ones,  as,  ia 
propottion  to  their  length,  the  influence  of  the  wind  extends  % 
riioiter  way  down  them.  An  apartment,  made  wind*tight,  bj 
listing  the  doors  and  other  oontrivancek  is  liable  to  be  inoMA* 
Bioded  with  smoke,  from  the  want  of^  draft,  even  whew  tha 
chimnqr  is  constnifltsd  in  the  most  proper  mannci:  m  ttm 
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ftiinttle  holes^  commanicating  with  the  exterior,  will,  in  such 
casesy  prevent  the  eviL 

Anolber  method  of  iiicreasine  the  draft  of  a  chimney,  con- 
Mils  in  Mttiiiff  the  grate,  if  a  Bath  stove,  eleven  or  twelve  inches 
from  Ibe  fender;  and  in  cutting  away  the  back  of  the  chimney, 
so  as  to  leave  a  space  of  two  inches  between  it  and  the  back  of 
the  grate.  If  the  ^rate  be  of  the  common  form,  the  sides 
shomd  be  filled  np^  with  brickwork.  By  this  construction  the 
air  that  passes  benind  the  back  of  the  grate,  assisting  to  impel 
the  smoke,  prevents  its  bursting  into  the  room. — ^That  a  chim* 
oey  clogged  with  soot  will  be  apt  to  smoke,  is  so  well  known, 
as  to  require  no  notice  here. 

The  evils  attending  the  practice  of  cleaning  chimneys  by 
means  of  climbing  boys,  are  of  the  first  magnitude.  The 
degraded  situation  of  the  children  in  this  employment,  so  de- 
structive to  health  at  any  period  of  life,  but  especially  in  early 
youth,  has  often  and  strongly  excited  the  commiseration  of 
philaathnipical  men,  and  many  schemes  have  been  propose  to 
lender  their  ascending  unnecessary,  and  thus  abolisn  a  practice 
•0  oflfensive  to  humanity.  Of  these  plans,  the  most  feasible 
consuts  in  the  use  of  brushes,  which  are  drawn  up  and  down 
by  men  at  the  top  and  others  at  the  bottom,  or  are  pushed  up 
from  the  bottom,  and  drewn  down  by  persons  within  the 
uartmeat*  The  former  method  is  inconvenient  and  expensive; 
the  latter,  which  is  the  invention  of  Smart,  is  often  practised, 
and  hM  justly  received  much  approbation.  The  rods  by 
which  the  brush  is  pushed  upwards,  are  made  hollow  and  in 
abort  lengths,  and  are  connected  together  by  a  cord  passing 
through  them.  As  soon  as  the  lower  end  of  the  first  rod  u 
imshed  about  the  height  of  the  mantle,  another  rod  is 
slipped  over  the  cord,  and  the  lengthening  of  the  whde  is 
thus  continued,  till  the  brash  clears  the  top  of  the  chimney, 
whftxe  it  spreads  itself  out,  and  is  prevented  from  contracting 
by  a  spring;  so  that  the  soot  is  brought  down  along  with  i£ 
But  as  long  as  the  practice  is  oontinoed,  of  making  chimnqn 
square,  crooked,  and  rough,  it  is  to  be  feared  that  no  sweeping 
•ppamtus  can  be  contrived  which  will  be  found  oompMeljr 
auGoeMfnl.  Inventions  recommended  merely  by  their  noma* 
nity,  are  often  so  slow  in  their  progress  towards  general 
adoption,  that  an  eminent  service  wul  be  rendered  to  society, 
by  (he  man  who  makes  the  convenience  and  interest  of  indivt* 
duals  conspire  with  their  benevolence,  to  promote  the  pnrpow 
before  tts.  The  Author  of  the  treatise  on  Architecture  in  this 
work,  has  furnished  us  with  the  following  remarks  on  the 
present  subject,  which  we  have  pleasure  in  laying  be6ne  tbo 
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pablic.     He  commences  with  a  few  ofaaervatioos  oo  ^Che  late 
rapidly  extended  use  of  iron : 

Amongst  the  various  improvements  of  modem  timet,  per- 
haps few  have  been  more  really  ben^cial  than  the  use  of  metals, 
for  purposes  of  which,  even  half  a  century  back,  they  were 
hardly  thought  suitable.  It  is  perhaps  not  geneiaUy  known, 
that  the  great  variety  of  articles  of  fittings  now  constantly  kepL 
in  ironmoogera*  shops,  in  the  remotest  villages,  were  hardly 
known  in  country  puces  at  the  beginning  of  last  ocntaiy ;  but 
wherever  a  house  was  built,  its  bolts  and  latches  weie  mostly 
<yf  wood ;  its  windows,  if  sashes,  were  massive,  and  if  one  sash 
run,  the  sash-cord  ran  over  a  wooden  pulley ;  and  many  other 
minute  fittings,  were  either  of  wood,  or  if  of  metal,  were 
individnallpr  made  by  the  adjacent  smith,  who  produced  a 
clumsy  article  at  a  great  waste  of  time  and  labour.  We  now 
see  the  use  of  iron  and  brass  extensively  superseding  timber  and 
stone  in  the  most  advantageous  manner.  At  Elaton  Hall,  the 
magnificent  mansion  of  Lord  Grosvenor,  near  Chester,  the 
tracery  of  the  windows,  many  shields,  a  stair-case,  and  a 
variety  of  ornaments,  are  of  cast  iron.  A  large  portion  of 
tracery  pannelling,  for  a  terrace  balustrade,  are  of  the  same 
matorud,  and  being  painted  and  sanded,  have  all  the  beauty  of 
stone.  Hollow  Grecian  balustrades,  for  a  public  building  in 
Ireland,  have  been  made  of  iron,  in  Liverpool.  Two  patents 
have  been  taken  out  for  roof  framings  of  iron,  one  of  which,  at 
least,  that  of  J.  Cragg,  Liverpool,  is  particulariy  remarkable 
tx  its  simplicity,  and  the  beauty  or  its  execution.  This 
gentleman  also  executes  staircases  of  iron,  in  so  accurate  a 
manner  that  th^  may  be  put  up  at  any  place  in  a  few  hours. 
Cast  iron  bridges  have  long  been  deserveoly  celebrated,  and  the 
deamess  of  wood,  and  the  supposed  inefficiency  of  the  patent 
stone  pipe,  have  caused  cast  iron  water-pipes  to  be  used  in 
London,  and  nuiny  other  places.  Cast  iron  has  also  been 
advantageously  used  for  beams  and  their  supports  in  a  large 
way,  the  Trustees  of  the  Duke  of  Bridgewaters  canal  having 
used  it  for  beams  in  a  new  warehouse  at  Liverpool,  of  more 
than  thirty  feet  clear  span ;  and  the  Garron  Company  have  used 
some  excellently  arranged  hollow  iron  stanchions  in  a  new 
warehouse  at  Liverpool. 

There  b  yet  another  purpose,  for  which  iron  seems  so  well 
adapted,  that  it  deserves  at  least  a  fair  trial ;  it  is  that  of  cast 
pipe  for  chimneys.  The  present  mode  of  building  chimneys  is 
not  only  extremely  unsafe,  but  also  takes  up  a  great  deal  of 
room,  and  from  their  beiiig  square,  there  is  a  great  diflkolty  in 
dcaning  them  thoroughly,  ex(:ept  by  climbing  boys,  or,  as  i^ 
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frequently  practised,  by  purposely  firing  them.  8martVatl|ia« 
ratus  does  not  completdy  anslter,  because  the  comers  wnich 
contain  most  soot  do  not  get  swept  completely,  and  arfe  ofteA 
not  touched.  Another  objection  to  ordinary  brick  square  chim* 
neys  is  their  smoking,  or  in  other  words,  not  drawing,  an  evil 
not  considered  by  those  who  sufibr  from  it,  of  the  most  trivial 
magnitude.  All  these  inconveniences  mifht  be  remedied  by 
using  for  chimneys  cast  iron  pipes  three-eighths  of  ao  inch  thick, 
and  Hhen  once  the  utility  of  the  plan  became  known,  the 
article  would  be  as  common  in  iron  shops  as  fronls  of  grates. 
The  present  openings  into  the  room  are  built  far  too  large,  and 
are  now  generally  contracted  by  various  means  when  the  gratQ 
is  set,  but  while  the  present  arrangement  of  brick  ciiimneys  for 
climbing  boys  remains,  they  cannot  well  be  much  altered;  buf 
if  iron  pipe  were  used,  an  iron  fire-place  top  would  be  cast  for 
the  pipe  to  fit  into,  and  would  of  course  be  made  of  various 
sizes  and  shapes  like  grate  fronts,  and  iron  articles  in  general, 
cast  by  the  Carron  Company  and  other  founderies. 

More  clearly  to  exemplify  the  advantages  of  this  invention, 
it  will  be  proper  to  detail  the  arrangements  necessary.  Preju- 
dice will  at  first  perhaps  require  the  pipe  to  be  eight  inches  in 
diameter,  though  there  is  little  doubt  thnt  seven,  six,  or  even 
five  inches  diameter  would  be  ampi  v  sufficient  for  the  largest 
fire.  However  this  may  be.  It  should  be  cast  in  lengths  of  uoxsi 
three  to  five  feet,  which  at  three-eighths  of  an  inch  thick  would 
render  the  pieces  of  a  manageable  weight;  they  should  be 
carried  up  as  close  as  possible  to  each  other,  and  as  four  inches 
of  brick<*work  is  more  than  enough  on  each  side  of  them,  in 
walls  of  two  bricks  thick  the^r  would  cause  no  projection  into 
the  apartment.  The  interstices  between  the  bricks  and  pipe 
should  be  filled  with  earth,  or  what  would  be  still  better, 
rubbish  and  liquid  cement.  A  bevel  joint,  a,  fig.  15,  pi.  I. 
might  be  made  to  the  pipe,  to  fit  so  closely  that  no  crevice  would 
be  left  io  lodge  soot,  when  the  cement  surrounded  the  exterior. 

If  one,  or  indeed  all  the  chimnies  in  a  stack,  constriided 
upon  this  plan,  were  to  set  on  fire,  it  would  be  of  little  conse* 
atfenoe,  as  the  heat  could  never  be  so  great  as  to  act  through 
toe  pipe  and  such  a  solid  mass  as  the  stack  would  be.  The  scot 
would  not  lodge  in  such  chimneys  as  in  the  common  ones,  for  in 
a  round  chimney  the  draft  would  clear  more  smoke  out  of  tha 
chunnej  before  it  was  condeiised;  and  when  they  required 
deaning,  Smart^s  apparatus  would  sweep  them  completely.-^ 
When  a  house  witn  ordinary  chunneys  is  burnt,  the  stack 
usually  fUls  down,  tearing  the  walb  and  rendering  it  necessary 
to  rebuild  them ;  but  if  a  house  with  an  iron*pipe  alack    was 
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bornt,  it  would  not  oaly  in  all  probabUity  stand,  but  act  at  a 
bottraw  to  MHtain  the  walk;  or,  in  caae  it  fell,  the  greater  pait 
of  the  pipe  would  remain  as  fit  for  use  as  at  first.  Although  it 
maj  be  least  trouble  genersUj  to  leave  the  breadth  of  half  a 
brick  round  the  pipe,  yet  in  small  buildings,  and  in  cases  whese 
loom  is  wanted,  a  flat  brick  would,  there  is  no  doubt,  be  auite 
sufficient  finr  all  purposes  of  safety.  In  all  cases,  too,  wnere 
iron  pipe  may  be  used,  the  labour  of  plastering  chimneys  will 
be  saved,  which,  though  in  many  places  omitted,  is  done  to  all 
wdl  built  houses. 

The  saying  of  room  which  would  be  produced  by  the  use  of 
iron  pipe,  in  a  stack  of  four  eight-inch  chimneys,  will  be 
immediately  seen  by  the  inspection  of  fig.  13,  No.  I  and  2, 
pi.  I ;  and  fig.  14,  No.  1  and  2,  exemplifies  the  same  thing 
with  respect  to  a  stack  of  five  chimneys.  If  nine  inches  be 
aUowed  mr  the  exterior  diameter  of  the  pipe  (and  such  an  allow* 
ance  will  be  enough  for  all  contingencies,)  it  may  be  carried  up, 
in  all  walls  exceeding  two  bricks  thick,  without  any  projection 
into  the  apartments.  In  the  corners  of  a  two  brick,  or  even  a 
one  and  a  half  brick  wall,  there  is  sufficient  room,  as  may  be 
seen  by  referring  to  the  plans  of  such  walls  in  pi.  I,  to  carry  up 
such  a  chimney,  which  would  rather  increase  than  diminish  the 
strength  of  the  wall.  By  the  figures  of  the  plate  just  referred 
to,  it  will  be  seen  that  nearly  one-half  of  the  space  taken  up  by 
chimneys  in  the  common  way  will  be  saved,  under  circumstan- 
ces the  most  unfavourable  to  showing  the  advantages  of  the 
new  plan ;  for  the  diameter  of  the  pipes  is  reckoned  at  the 
largest  that  can  be  required ;  and  the  brick-work  surrounding 
the  square  chimneys  at  the  thinnest  it  can  with  any  propriety  he 
made. 

The  increased  expense  of  round  work,  either  in  brick  or 
stone,  is  probably  the  principal  reason  that  round  chimneys  are 
not  in  general  use,  though  the  advanta^  of  them,  particularly 
in  being  fiec  from  the  currents  or  eddies  of  air  occasioned  by 
square  chimneys,  are  not  unknown  to  intelli^nt  builders. 

Irpn  pipe,  it  is  well  known,  answers  perfectly  well  for  stoves, 
and  the  portable  furnaces  of  chemists,  although  the  area  of  it  is 
seldom  mote  than  half  that  of  the  fire,  and  the  quantity  of  air 
lequired  to  maintain  the  vehement  heat  which  can  be  excited  at 
pleasure,  occasions  a  much  greater  draft  than  that  of  ordinary 
domestic  fires  of  twice  the  size.  Hence  the  above  plan  only 
proposes  the  extended  use  of  a  kind  of  chimney^  the  adequate* 
B^  of  which  is  already  proved. 


BUILDTNG. 


i&i 


Proporiioiit  of  doors. 


Doors. 

The  ancients,  according  to  Vitruvius,  frequently  made  thar 
doors  rather  narrower  in  breadth  at  the  top  than  at  the  bottom. 
These  trapezoidal  doors  were  probablpr  adopted  from  theif 
having  the  property  of  closing  themselves,  and  in  modem  times 
they  are  useful  besides  as  the  simplest  mode  of  raising  the  door^ 
in  the  act  of  opening,'  above  the  floor,  in  order  to  keep  it  clear 
of  f  he  carpet.  There  are  examples  of  them  in  the  Bank  6f 
England,  out  they  are  not  often  mtroduced  by  architects. 

Doors  are  varied  in  their  dimensions  according  to  the  height 
of  the  story  and  th^  magnitude  of  the  building  in  which  they 
ai^  placed.  In  private  houses,  the^  can  rarely  with  propriety 
be  made  wider  than  four  feet,  and  m  general  three  feet  will  b0 
suflicient.  For  small  doors,  when  the  height  is  to  the  breadth 
in  the  ratio  of  seven  to  three,  the  proportion  noray  be  considered 

Sood ;  but  the  height  .of  large  doors  need  not  be  more  than 
ou hie  their  (>veadth«  The  entrance  doors  of  palaces  and  the 
mansions  of  noblemen,  where  much  company  resort,  are  often 
made  from  four  to  six  feet  wide ;  and  those  of  public  edifices  may 
be  from  six  to  ten  feet  wide.  Doors  much  exceeding  three  feet 
in  width,  should  have  folding  leaves.  In  modern  houses,  il  is 
not  uncommon  to  have  large  folding  doors,  the  opening  of 
which  serves,  instead  of  removing  a  whole  partition,  to  throw 
two  rooms  into  one.  In  such  cases,  the  width  of  the  aperturs 
will  generally  be  of  less  height  than  twice  its  breadth,  as  all  tht 
doors  of  the  same  story  are  commonly  of  the  same  height. 

When  the  principal  door  of  entrance  b  in  the  middle,  its 
communication  with  every  part  of  the  building  is  not  only  the 
most  readily  effin^ted,  but  it  contributes  so  much  to  the  sym- 
metry of  the  front,  that  when  the  plan  renders  such  a  position 
inadmissible,  a  blank  door  is  frequently  substituted  for  a  real 
one,  which  is  then  made  in  the  most  convenient  place.  The 
entrance  doors  of  stately  houses,  are  frequently  adorned  with 
porticoes,  in  the  Grecian  or  Roman  taste ;  but  the  most  com- 
mon mode  of  adorning  entrance  doors,  is  to  surround  them  with 
an  architrave,  surmounted  with  a  cornice,  or  with  a  frieze  and 
cornice  forming  a  complete  entablature.  These  decorations  ars 
made  of  stone^  wherever  a  suitable  kind  can  be  had  at  a  reason^^ 
able  price. ' 

Wmdowt. 
In  determining  the  number  and  stie  of  windows,  r^gaid 
must  be  paid  to  the  destination,  local  position,  and  elevation  of 
the  bnilaing,  as  weU  as  to  ths  cnbature  and  height  of  the  storf 


Lo 


359  BUILDING. 


Proportions  of  windows. 


iir  the  rooms  to  be  lighted,  and  the  thickness  of  the  walb. 
With  respect  to  private  houses,  though  considerable  latitude 
may  be  allowed  in  the  determination  of  this  subject,  still  there 
are  limits  which  cannot  be  disregarded  without  losing  the 
beauty  of  proportion,  and  the  convenience  of  a  due  quantity  of 
light.  In  general)  the  piers  should  not  be  of  less  bresdlh 
tnan  the  apertures,  nor  more  than  twice  such  breadth.  The 
windows  in  all  the  stories  of  the  same  aspect,  should  be  of  the 
lame  breadth,  unless  a  variation  be  required  from  this 
rule  for  the  convenience  of  particular  offices  in  the  lowest 
story.  The  laws  of  symmetry  and  strength  alike  require  them 
to  be  exactly  one  above  another;  this  practice,  so  strangely 
neglected  by  our  ancestors,  is  now,  indeed,  duly  attended  to. 
The  apertures  of  windows  should  widen  inwards  on  each  side, 
by  which  means  the  quantity  of  light  admitted  will  be  nearly 
is  much  as  if  they  were  external^  of  the  same  size  as  the 
increased  internal  dunensions. 

To  determine  the  aggregate  area  of  the  windows  proper  to 
be  made  in  an  apartment,  extract  the  square  root  of  the  cuba^ 
lure  of  such  apartment,  and  the  quotient  will  be  the  answer.  Foe 
example,  suppose  the  room  to  be  forty  feet  long,  thirty  feet 
hroid,  and  sjjiteen  feet  high,  then  40  k  SO  h  16=  19200,  which 
product  is,  in  feet,  the  cubature  sought,  and  the  square  root  of 
il,  neglecting  a  small  remainder,  is  one  hundred  and  thirty* 
«ght  feet  for  the  aggregate  area  of  the  apertures.    One  hundred 
and  thirty-eight  feet  will  make  four  windows  of  a  handsome 
siae and  shape,  adapted  to  the  apartment  in  question;  and  if 
divided  accordingly  into  four  paits,  thirty^four  feet. and  a  half 
vill  be  the  area  of  one  of  them.    The  area  thus  obtained,  when 
set  out,  for  a  ground  floor,  according  to  the  customary  rule, 
which  aUows  rather  more  than  two  squares  in  height,  each 
window  may  be  about  eight  feet  eight  inches  h^b,  by  four  Aet 
braad.  By  the  same  rule,  thedimensions  of  the  apertures  of  win* 
dows  for  rooms  of  any  other  cubature  amy  be  determined. 
•  <  The  sills  of  windows  have  been  mortly  made  from  three 
ftet  to  three  feet  six  inches  distant  from  the  level  of  the  floor, 
it  at  that  height  they  formed  a  convenient  parapet  to  lean  upon; 
but  the  French  feshion  having  been  introduced  of  having  the 
windows,  at  least  in  the  principal  drawing  rooms,  down  to  the 
floor,  window  sills  are  now,  partly  in  imitation  of  it,  made 
lower  than  formerly,  and  in  ordinary  dwellings  are  frequently 
not  higher  than  two  feet,  and  ia  the  extreme  not  more  than  two 
leet  six  inches. 

It  will  be  psopcr  to  remind  those  who  are  paiiial  taepadooa 
fnd  nunMOOi  windewii  and  who  axe  not  disposed  to  modify 
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their  choice  by  motives  of  economy^  that  as  the  a^gfegate  area 
of  (he  windows  is  enlarged,  it  becomes  increaslogfy  difficult  in 
winter  to  keep  apartments  warm,  the  beat  produced  in  them 
being  so  yery  speedily  communicated  through  the  glass  to'the 
atmosphere  without.  It  is  for  thb  reason,  that  in  Russia  they 
often  make  their  windows  double,  and  as  air  is  a  bad  conductor 
of  heat|  the  stratum  of  it  interposed  betweea  the  two  windows 
in  the  same  frame,  tends  very  materially  to  prevent  the  temper* 
ature  of  the  room  from  being  carried  off.  The  cold  season  is 
not  so  severe  or  of  such  long  continuance  as  to  have  occasioned 
the  introduction  of  this  practice  for  front  windows,  into  the 
United  Kingdom,  but  it  might  be  advantageously  acted  upon 
with  respect  to  the  skylights  employed  to  light  staircases,  as 
such  windows,  when  only  single,  contribute  greatly  to  the 
speedy  dissipation  of  the  warm  air  which  ascends  to  the  top  of 
the  bouse* 

The  number  of  wii^dows  on  each  side  of  the  entrance  doot 
should  bee()ual,  and  an  odd  number  of  windows  in  an  apart* 
nent,  when  they  are  all  on  one  side  of  it,  is  better  than  an  even 
•umber,  as  it  avoids  the  necessity  of  having  a  pier  opposite  tfaui 
middle  of  the  floor* 

The  windows  of  the  principal  floor  are  generally  the  most 
enriched.  The  simplest  mode  of  adorning  them,  is,  U$ 
sorroond  them  with  an  architrave,  which  sometimes  has,  and 
sometimes  is  kit  without  a  frieze  and  cornice ;  frequently,  the 
whole  of  the  windows  are  left  plain,  except  the  central  one  o^ 
the  second  story.  When  the  windows  of  the  principal  story 
have  pediments,  those  of  the  story  immediately  above  should 
have  architraves  surmounted  by  a  frieze  and  cornice,  and  those 
of  a  next  Ug^er  slory,  an  architrave  onl v.  The  sills  ot  all  the 
windows  in  Ule  same  floor  should  be  on  the  same  leveL 

Stairs^ 
A  good  staircase  should  be  convenient  in  its  situation  and 
form,  and  well  lighted.  The  union  of  these  requisites  aferds 
one  of  the  strongest  ftooh  of  an  architect's  skill.  In  stately 
mansions,  the  step  should  not  be  less  than  four,  nor  more  than 
six  inches  high ;  nor  more  than  eighteen  or  less  than  twelvQ 
inches  broad;  and  the  width  should  not  be  less  than  six  os 
exceed  fifteen  fitet.  In  ordinary  houses,  the  steps  are  genemlly 
made  hisrher,  and  are  almost  necessarily  narrower,  both  in 
width  and  length ;  but,  while  any  thing  like  handsomeness  of 
appearance  and  convenience  of  ascent  are  studied,  they  should 
not  exceed  seven  iBchesin  height,  nor  be  less  than  ten  inches 
bfoad,  and  three  feet  long.  Stairs  are  ascended  with  more 
ease  when  laid  somewhat  sloping,  or  a  little  higher  at  the  backv 


254  BuiLDiNa 


Pitrh  ttf  rooA. 


The  ancients  were  partial  to  an  odd  number  of  steps,  one  ooo- 
icquence  of  which  choice  was,  that  the  same  foot  which  was 

E laced  on  tba  first  step  was  fiist  placed  at  the  top  on  the 
inding. 

Roofs. 

Architects  include,  under  the  term  roof,  not  only  the  exterior 
covering  of  a  hcMise,  bnt  all  the  beams  and  other  parts  necessary 
to  support  that  covering. 

Among  the  ancients,  in  those  countries  wheie  it  seldom 
rained,  roofs  were  made  quite  flat ;  but  the  Greeks,  perceiving 
the  inconvenience  of  this  form,  deviated  firom  it  a  little,  by 
inclining  their  roofs,  as  appears  from  several  ancient  remains, 
about  one-eighth  or  oncpninth  part  of  the  span.  The  Romans, 
who  had  rather  more  occasion  than  the  Greeks  to  provide  for 
the  speedy  discharge  of  rain  from  their  houses,  made  the 
height  of  the  ii|clination  of  their  roo&  from  one^fifth  to  two- 
ninths  of  the  span.  Among  the  northern  nations  of  Burope,  aftev 
the  decline  of  the  Roman  "empire,  high-pitched  roofs  b^n  to 
be  in  general  request,  and  that  was  considered  the  standard 
form,  the  vertical  section  of  which  was  an  equilateral  triangle^ 
No  part  of  the  art  of  building  has  been  more  subject  to  caprice, 
than  the  height  of  the  inclination,  or,  as  it  is  usually  expressed, 
the  pitch  of  roofs.  In  the  (uresent  day,  a  great  variety  of  pitch 
is  employed,  but  the  equilateral  one  is  seldom  seen.  In 
ordinary  dwellini^,  the  pitch  of  the  roof  is  from  one-third  to 
one-fourth  part  of  the  span ;  but  mansions  and  public  edifices 
are  still  executed  in  e^tj  diversitjir  of  style  thai  fimpj^  or 
particobur  views  can  dictate. 

High^pitehed  roots  discharge  rain  and  snow  more  quickly* 
than  others;  they  are  also  not  so  easily  stripped  by  the  wind; 
the  rein  is  not  so  easily  blown  between  the  sbtes,  and  from  their 
approach  towards  perpendicularity  of  pressure,  they  are  not  so 
ipfeat  a  burden  to  the  walb.  They  are,  however,  more  expen* 
sive  than  low  roofs,  as  they  require  longer  and  stronger  timbers; 
and  from  their  greater  surface,  they  require  a  brger  quantity 
of  the  covering  material :  but  though  low  roo6  have  the  advan* 
tage  in  point  of  cheapness,  they  require  large  sbtes,  and  great 
care  of  execution. 

The  roof  is  one  of  the  principal  tics  of  a  building,  when 
skilfully  executed,  in  connecting  tne  exterior  walhu  Some  idea 
flsav  be  formed  of  the  buoocss  with  which  scie^fific  knowled^ 
and  experience  may  be  employed  in  the  construotiqn  of  roots, 
when  it  b  observed,  that  roofii  have  been  constructed  sixty  feel 
wide,  although  they  have  not  contained  a  single  pieoe  qf 
timber  more  than  ten  feet  long  and  four  inches  square. 
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irliich  vmn  equal  to  that  of  the  tile.  The  tile  was  left  to  dry  in 
a  room  heated  to  sixty  degrees,  and  it  did  not  lose  all  the  water 
it  had  imbibed  in  less  than  six  dajrs.  If,  then,  tiles  imbibe  a 
seventh  part  of  their  weight  of  water  in  ten  minutes,  and  cannot 
be  deprived  of  this  water  without  a  degree  of  heat  equal  to  sixty 
degrees  continued  for  six  days,  it  must  be  obvious  that  a  roof 
eovered  with  them,  can,  in  this  country  seldom  be  dry.  The 
timbers  also  of  the  roof  must  be  calculated  to  support  theis 
weight  in  their  wet  state. 

The  finest  sort  of  blue  slate,  which  is  obtained  in  the  neigh- 
bourhood of  Kendal,  is  sold  there  for  Ss  6d  per  load,  which 
comes  to  £1  15s  per  ton,  the  load  weighing  two  hundred 
weight.  The  coarsest  sort  may  be  had  for  &  4d  per  load,  or 
£1  Ss  4d  per  ton.  Thirteen  loads  of  the  finest  sort  will  cover 
forty-two  square  yards  of  roof,  and  eighteen  loads  of  the 
coarsest  sort  will  cover  the  same  extent.  Hence  there  is  half  a 
ton  less  weight  upon  forty-two  square  yards  of  roof  when  the 
finest  slate  is  used,  than  when  it  is  covered  with  the  coarsest 
kind,  and  the  difference  in  the  expense  of  the  material  is  only 
8s  €d ;  yet  as  fine  shite  owes  its  lightness,  not  so  much  to  a 
difference  in  the  quality  of  the  stone  from  which  it  is  split,  as  to 
Che  thinness  to  which  it  is  seduced,  it  is  inferior  to  the  heavier 
kind  in  point  of  durability. 

The  following  statement  shows  the  average  weight  of  the 
ooverinff  laid  upon  forty-two  square  yards  of  buildingi  accord* 
iog  to  the  material  employed : 

CWT. 

Copper 4 

Fine  Sbte 90 

Lead 87 

Coarse  Slate 36 

Tiks .54 

Such  are  the  advantages  of  slate  as  a  covering,  that 
«rhereveff  it  can  be  procurra  without  much  land  camaee,  it 
obtains  the  preference  of  all  other  materials.  Its  durabihtv  k 
•0  great,  that  it  has  been  known  to  continue  sound  and  goodf  for 
centuries;  but  all  kinds  of  it  are  not  eaually  excellent  in  this 
letpect.  Its  most  usual  colours  are  white,  brown,  and  blue, 
and  the  colour  affords  some  index  to  the  quality  of  the  slate. 
The  light  blue  sort  is  always  the  least  penetrable  to  water, 
which  the  deep  black  blue  is  apt  to  imbibe  rathor  firedy^ 
Several  methods  may  be  practised  to  ascertain  the  goodness  of 
date,  when  not  brought  from  a  quarry  of  wdl  known  chancter. 
If  a  slate,  when  struck  ftharplv  against  a  large  $Un^  produce 
m  complete  aound,  it  is  a  mark  of  goodness;  and  if  U  does  &«t 
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shatter  before  the  edge  of  the  zax,  or  ingtniment  used  for  hew« 
inj^  it,  the  criterion  is  decisive.  Aaotber  method  is,  to  place 
the  slate  lengthwise  and  perpendicularly  in  a  tub  of  water, 
about  half  a  f(Kit  deep,  care  being  taken  that  the  unimmersed 
part' of  the  slate  be  not  in  any  way  accidentally  wetted.  Let  it 
iiemain  in  this  state  twenty-four  hours;  at  the  end  of  that  time^ 
if  the  slate  be  good,  it  will  not  have  drawn  water  more  than 
half  an  inch  above  the  surface  of  that  fluid,  and  that  perhaps 
at  (he  edges  only,  those  parts  having  been  a  little  loosened  in  the 
bewing;  but  a  spongy  defective  stone  will  draw  water  to  the 
Tery  top.  Another  mode  of  trial,  on  the  result  of  which  full 
reliance  may  be  placed,  is  to  weigh  two  or  three  of  the  most 
suspected  slates^  and  ilote  theit  precise  weight;  then  immerse 
them  entirely  in  water  for  twelve  hours;  take  jthem  out,  wipe 
them  as  clean  as  p(>s.sible  with  a  linen  cloth,  and  if  their  weight 
diflers  not,  or  di%rs  but  very  little  from  what  it  was  at  first, 
they  may  be  considered  good;  a  drachm  in  a  dozen  pounds  is 
allowable,  but  not  more.  The  principal  reason  of  the  inferi- 
ority of  the  states  which  imbibe  much  moisture,  being  that  they 
are  shivered  by  frost,  when  none  but  a  porous  kind  can  be 
easily  obtained,  they  might  doubtless  be  improved  by  the  appli- 
cation of  tar,  as  already  mentioned  for  tiles,  when  treating  of 
the  manofacture  of  the  latter  article. 

Jnhn*8  tessera  is  the  only  composition  of  art  which 
deserved  any  notice  as  a  roofing  material,  and  it  certainly  hat 
bdvantages  of  the  first  class.  It  is  cheaper  than  any  covering 
hitherto  known ;  it  is  superior  in  lightness  and  evenness  of  sur- 
face to  lead,  and  equal  to  that  metal  in  point  of  durability. 
It  is  equally  adaptea  to  the  flat  roof  intended  to  be  walked  on, 
as  to  angular  roofs.  The  roofs  intended  to  be  covered  with  it 
must  in  all  cases  be  boarded  as  for  lead,  except  that  a  less 
thickness  of  timber  will  suffice.  For  a  flat  roof,  it  may  be  laid 
bti  three-quarter  inch  deal;  but  for  an  angular  roof,  half-inch 
will  be  snflicient.  This  roofing  is  a  patent  right;  we  have  not 
aeeh  the  specification  of  it,  but  it  appears  to  be  principally 
composed  of  calcareous  stone  and  tar.  Hence  it  may  be  sup- 
posed, that  it  is  very  combustible:  but  the  contrary  has  been 
proved  by  experiment.  It  is  found  to  resist  the  emcts  of  heat 
two  or  three  times  as  long  as  lead.  Tessera  is  maHe  in  sheets 
about  four  feet  long,'by  tifo  fret  wide;  and  the  sheets  are  united 
by  solder  of  the  same  composition. 
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In  a  Taluable  work  entitled  the  BrUUh  Carpenter,  by 
Francis  Price,  the  following  directions  are  given  for  finding  the 
pitch  of  rafters  for  different  coverings : 

For  Lead. — Divide  the  width  fir^t  into  two  parts,  see  fig.  15, 
pi.  I.  and  one  of  these  parts  into  four,  as  i,  2^  3,  4;  with  two 
of  these  parts,  describe  a  quarter  circle,  S,  which  gives  a  proper 
pitch  or  slope  to  be  covered  with  lead,  and  is  called  a  pediment 
pitch. 

For  Pantiles. — ^Divide  the  width  as  before  into  two  parts, 
and  one  of  these  two  parts  into  four,  as  I,  2,  3,   4;  with  three 

Krts,  describe  a  quarter  circle,  S,  which  gives  a  proper  pitch 
use. 

For  Plain  Tiles. — Divide  the  width  into  two  parts,  with  one 
of  them  make  a  quarter  circle,  which  gives  a  pitch  or  slope 
proper  for  the  roof. 

Tiles,  though  extensively  used  in  many  parts  of  the 
country,  constitute  a  very  heavy  covering  for  houses,  and 
what  is  still  worse,  they  injure  the  timber  upon  which  they  are 
laid,  and  tend  to  make  a  house  damp,  from  the  facility  with 
which  they  are  penetrated  with  moisture.  Tlie  following 
experiment,  by  the  Bishop  of  Landaff,  decisively  proves  their 
great  porosity,  and  their  inferiority  to  slate.  The  Bishop 
observes,  that  sort  of  slate,  other  circumstances  being  the  same, 
is  esteemed  the  best  which  imbibes  the  least  water;  for  the 
imbibed  water  not  only  increases  the  weight  of  the  covering, 
but,  in  frosty  weather,  being  converted  into  ice,  it  swells  and 
shivers  the  slate.  This  effect  of  frost  is  very  sensible  in  tiled 
bouses,  but  is  scarcely  felt  in  those  which  arc  slated;  for  good 
slate  imbibes  but  little  water,  and  when  tiles  are  well  glazed, 
they  are  rendered  in  some  measure,  with  respect  to  this  point, 
similar  to  slate.  He  took  a  piece  of  Westmorland  slate,  and 
a  piece  of  common  tile,  and  weighed  each  of  them  carefully; 
thesurfiiceof  each  was  about  thirtv  square  inches.  Both  the 
pieces  were  immersed  in  water  for  about  ten  minutes,  and  then 
taken  out,  and  weighed  as  soon  as  they  had  ceased  to  drip» 
The  tile  had  imbibed  above  a  seventh  part  of  its  weight  of 
water ;  and  the  slate  had  not  imbibed  above  a  two*hundredth 
part  of  its  weight ;  indeed  the  wetting  of  the  slate  was  merely 
superficial.  He  placed  both  the  wet  pieces  before  the  fire;  in 
a  quarter  of  an  hour  the  slate  was  become  quite  dry,  and  of  the 
same  weight  it  had  before  it  was  put  into  the  water;  but  the  tile 
had  lost  only  about  twelve  grains  of  the  water  it  had  imbibed, 
which  was,  as  nearly  as  could  be  expected,  the  very  same  quan- 
iity  that  had  been  spread  over  its  surface;  for  it  was  .the 
.quantity  which  had  ben  iaibibed  bj  the  slate,  the  surface  of 
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Proportions  of  Timbers^  Src. 
In  the  treatise  entitled  the  **  British  Carpenter,''  almdj 
referred  to,  are  given  the  following  tables  to  show  the  proportiosa 
of  timbers  for  small  and  large  buildings  i 


PKOPOKTIONS  OF  TIMBERS  FOR  SM4LL  BUILDING8. 

Bearing  Ports  of  Fir.         \ 

Bearing  Posts  of  Oak.         \ 

Height 

Scantling 

Height 

Scantling 

if   tfcet 

4  incbet  square 

if  10  feet 

6  incbes  sqaare 

10 

5 

IS 

8 

IS                            6 

14                          10 

Girders  of  Fir. 

Girders  of  Oak. 

Bearioi; 

Scantling 

Bearing 

Scantliqg 

if  16  feet 

8  indies  by  11 

if  16  fret 

10  indies  by  IS 

to 

10                  it| 

to 

IS                      14 

U                        IS                   14 

S4                         14                     15 

Joists  of  Fir. 

Joists  of  Oak. 

Beariog 

Scantling 

^^a 

Scantlinc 

if   6  fret 

5  indiet   by  si 

if   6  fret 

5  incbes  by  ^ 

9 

6i                   Si 

9 

7i                   S 

IS                     18                   Si 

IS                     1  10                   3 

Bridgings  of  Fir. 

Bridgings  of  Oak, 

BeariQg 

Scantlinf 

Bearing 

Scantliiif 

if    6  feet 

4  incbes  by   si 

if    6  feet 

4  inchM  bjr  S 

8 

5                   SJ 

8 

s*              S 

10                      16                    3 

10                      17                    3 

Sma!l  Rafters  of  Fir. 

Small  Rafteis  of  Oak. 

Besriog                   Scantling 

Bearing 

Scantling 

if   8  teet                 3{  indies  by  t} 

if    8  feet 

4i  indies  by  3 

10                        4i                 S 

10 

5i                  3 

i«                         H                 H 

IS                           6i                   3. 

Beams  of  Fir^  or  Ties. 

Beams  of  Oak,  or  Ties 

Lcogtb 

ScaotJiog 

Length 

Scantling 

if  30  feet 

6  inchei  by    7 

if  SO  feet 

7  incbes  by    8 

45 

9                    Si 

45 

10                 Hi 

60                     1  It     '            11 

60                        13                  15 

Principal  Rafters  of  Fir. 

Principal  Rs^fters  of  Oak. 

SceDttiDft 

Scaatling 

Un0h    1       Top 

Bottom 

Length 

Top 

BottOM 

tf  <4fMt  ,5  ina.  &    6 

6  ins-  &    7 

tf  t4  feet 

7  IBS.  &     8 

8  ins.  &  9 

S6 

^              8 

S            10 

36 

8                9 

9          lOi 

48 

8               10 

10            It 

'48     '  • 

9              10 

10         IS 

BVILDINQ. 
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PROPOKTIONS  OP  TIMBERS  FOR  LARGE  BUILDINGS. 

Bearing  Poets  of  Fir. 

Bearing  Posts  of  Oak. 

Height 

Scantling 

Ht>ight  • 

Scantling 

if   8  feet 

5  inches  sqvare 

if   8  feet 

8  inches  square 

1« 

8 

18 

IS 

16                          10 

16 

16 

Girders  of  Fir. 

Girders  of  Oak.              \ 

Beariog 

Scantling 

Bearing 

Scantling 

if  16  feet 

9{  inches  by  IS 

If  16  feet 

It  inches  by  14 

SO 

IS                    14 

SO 

15                  15 

94                         13{                    15 

S4                        18                  16 

JoiHi  of  Fir. 

JoiiisqfOak. 

Bearing 

Scantling 

Bearing 

Scantling 

if   6  feet 

5   inches  by  S 

if   6  feet 

6  inches  by  3 

9' 

7i                   S 

9 

9                    3 

If                       10                   3 

IS                        IS                    3 

Bridgings  of  Fir. 

Bridgmgs  of  Oak. 

Bearing 

Scantling 

Beafing 

Scantling' 

if   6  feet 
8 

4  inches  by  S 
5i                 3 

if   6  feet 
8 

5  inches  by  3} 

10                     IT                    3 

10                       18                     3} 

Small  Rafters  of  Fir. 

Small  Rafters  of  Oak. 

Bearing 

Scantling 

Bearing 

Scantling 

if   8feet 

4}  inches  by  3 

If   8  feet 

5}  Inches  by  3 

10 

5i                 3 

10 

7                    3 

IS                           6|                   3 

IS                      19                    3 

Beams  of  Fir^  or  Ties. 

Beams  of  Oakj  or  Ties. 

Ijtngth 

Scantling 

Length 

Scantling 

if  30  feet 

7  inches  by  8 

if  30  feet 

8  inches  by    9 

45 

10                  11} 

45 

11                   1S| 

€0 

IS                   15 

60                       1  14                   16 

Principal  Rqfters  of  Fir. 

Principal  Rafters  of  Oak. 

Scantling 

Scantling 

Length 

Top 

Bottom 

Length 

Top 

Bottom 

if  «4  feet 

7  ins.  &  9 

8  ins.  (k  9 

if  24  feet 

8  tan.  &  9 

9  ins.  &  10 

56 

8             9 

9           10} 

36 

9            10 

10            IS 

48 

9           10 

10           IS 

48 

10            13 

IS            14 

The  Author  of  the  preceding  tables  obserres,  that  though 
they  teem  so  plain  as  not  to  need  explaosition)  yet  a  few  remarJui 
might  be  fubjoined  with  propriety.  All  binding  or  strong  joistSy 
he  thai  adds^  angkt  to.  be  half  aa  thick  again  as  pommon  joists; 
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that  is,  if  a  common  joist  be  given  three  inches  thick,  a  binding 
joist  should  be  four  inches  and  a  half  thick,  although  of  the 
same  depth. 

If  it  be  not  convenient  to  allow  the  posts  in  partitions  io  be 
square,  which  is  the  best  form,  in  such  cases,  multiply  the 
square  of  the  side  of  the  posts,  as  here  given,  by  itself;  for 
instance,  if  it  be  six  inches  square,  then  as  six  times  six  is 
thirty-six,  to  keep  this  post  nearly  to  the  same  strength,  find 
two  numbers  proaucing  the  same  amount ;  as  suppose  the  parti« 
tion  to  be  four  inches  thick,  then  let  the  post  be  nine  inches  the 
other  way,  so  that  nine  times  four  being  thirty^six,  the  area  of 
its  horizontaJ  section  is  the  same,  and  its  strength  nearly  equal 
to  the  square  post. 

Posts  that  go  to  the  height  of  two  or  three  stories,  need  not 
hold  the  proportions  given  in  the  table,  because  at  every  floor 
they  meet  with  a  tie.  Admit  a  post  to  be  thirty  feet  high,  and 
that  in  this  height  there  arc  three  stories,  two  of  ten  fcei  and 
one  of  eight  feet;  look  for  posts  of  fir  ten  feet  high,  their 
scantlmg  is  five  inches  sauare,  that  is,  twenty>five  square 
inches,  which  double  for  tne  two  stories;  and  also  take  that 
of  eight  feet  high,  being  four  inches,  that  is,  sixteen  inches 
square,  all  which  being  lulded  together,  make  sixty-six  inches; 
so  that  such  a  post  would  be  rather  more  than  eight  inches 
square.     On  occasion  it  mav  be  lessened  in  each  story  as  it  rises. 

All  beams,  ties,  and  pnncipal  rafters  ought  to  be  cut  or 
forced  in  framing  to  a  camber,  or  roundness,  on  the  upper 
side,  and  the  convexity  ma^  be  about  one  inch  in  eighleai  or 
twenty  feet.  The  reason  is,  that  all  timber,  partly  from  its 
own  weight,  but  principally  from  the  weight  of  the  covering  or 
other  burden  it  has  to  bear,  will  swag,  and  unless  preparea  in 
this  manner,  that  it  may  never  become  concave,  a  mgtct  of  on- 
sightliness  and  often  of  inconvenience,  will  be  produced. 

The  joists  in  floors,  the  purlines  (or  timbers  into  which  the 
small  railers  are  tenoned  in  roofs,)  &c.  should  not  exceed  twelve 
foet  in  the  lenp;th  of  their  bearing,  or  from  support  to  support. 
The  strong  joists  of  floors  should  not  be  at  a  greater  distance  than 
five  feet,  nor  common  joists  more  than  ten  or  twelve  inches  apart. 

According  to  the  experiments  of  Mnschenbroek,  fir  b  able 
to  bear  compression  in  tne  direction  of  the  length  of  its  fibres, 
or  to  sustain  as  a  post,  a  much  greater  weight  than  oak,  bat  it 
fiur  inferior  to  oak  when  the  weight  is  suspended.  In  the  pre- 
oedin|;  tables,  therefore,  the  scantlincs  of  fir  bearing  posts  and 

Jmnapal  rafters  are  properly  made  ks$  than  those  of  oak;  but 
or  other  timbers,  particularly  for  ties,  many  are  of  opinion  that 
the  ptoportions  of  the  Author's  tables  should  be  reversed,  and 
the  sciolliiig  which  he  has  aasigiied  to  fir  ihouU  be  given  to  oakf 
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Building  Act. 

All  the  buildings  erected  in  London  and  the  fleveral  Parishes 
trithin  the  Bills  of  Mortality,  are  subjected  to  the  regulations  of 
an  Act  of  Parliament,  of  the  14.  Geo.  III.  the  mam  object  of 
which  is  to  lessen  the  danger  to  be  apprehended  from  fire.  As 
many  of  the  provisions  of  this  act  are  of  great  importance,  and 
deserve  to  be  universally  known  and  acted  upon,  we  shall  con« 
elude  the  subject  of  Building  by  an  abstract  of  them.  Those 
which  relate  to  the  Carpenter  are  the  following: 

Timber  partitions  between  building  and  building,  erected  or 
erecting  before  the  passing  of  the  act,  may  remain  till  one  of 
the  adjoining  houses  is  rebuilt,  or  till  one  of  the  fronts,  or  two- 
thirds  of  the  fronts  which  abut  on  such  timber  partition,  is 
taken  down  to  the  bressummer,  or  one  pair  of  stairs  floor^  aud 
rebuilt. 

Three  months*  notice  of  the  pulling  down  of  such  wooden 

Krtition,  when  decayed  or  of  insufficient  thickness,  to  be  given 
the  proprietor  to  the  owner  or  occupier  of  such  a  house^ 
and  if  the  nouse  be  empty,  such  notice  to  be  stuck  up  on  the 
front  or  front  door  of  it. 

No  timber  hereafter  to  be  laid  in  any  party  arch,  or  party 
wall,  except  for  bond  to  the  same;  nor  any  bond  timbn 
within  nine  inches  of  the  opening  of  a  chimney,  nor  within  five 
inches  of  (he  flue;  nor  any  timber  within  two  feet  of  any  oven, 
stove,  copper,  still,  boiler,  or  furnace. 

The  wood  work  of  chimney  breasts  to  be  fastened  to  the 
said  breast  with  iron  wall  hooks,  spikes,  nails,  or  holdfasts^ 
which  must  not  be  driven  more  than  three  inches  into  the  wal^ 
or  nearer  than  four  inches  to  the  inside  of  the  opening  of  the 
chimney* 

No  timber  bearer  to  wooden  stairs  let  into  an  old  party  wall, 
must  come  nearer  than  eight  inches  and  a  half  to  the  flue,  nor 
nearer  than  four  inches  io  the  internal  finishing  of  the  adjoining 
building. 

No  timber  to  be  laid  under  any  hearth  to  a  chimney,  nearer 
than  eighteen  inches  to  the  upper  surface  of  such  hearth. 

No  timber  must  be  laid  nearer  than  eighteen  inches  to  any 
door  of  communication  through  the  party  walls  of  warehouses 
and  stables. 

Bressnnuners,  story  posts^  and  plates  thereto,  are  only 
permitted  in  the  ground  story,  and  may  stand  even  with  the 
outside  of  the  wall,  but  must  go  no  deeper  than  two  inches  into 
a  party  wall,  nor  nearer  than  seven  inches  to  the  centre  of  a 
party  waU|  when  it  is  two  bricks  thick,  nor  aeaier  than  four 


264  BmLDfKo. 


Pft>Ti<ioiis  of  the  Baiidinc  Act  afft  cting  the  brirkUiyer. 


inches  and  a  half,  provided  the  party  wall  does  not  exceed  one 
brick  and  a  half  in  thickness. 

Every  comer  story  pdst  tnu^t  be  of  oak,  and  at  least  twelve 
inches  square,  when  employed  for  the  support  ot  two  fronts. 

Window  frames  and  door  frames  to  the  first,  second,  third, 
and  fourth  rate  classes,  are  to  be  recessed  in  reveak,  four  inches 
at  lea&t. 

Uoor-casrs  and  doors  to  warehouses  only  of  the  first,  second, 
third,  or  fourth  rate  clashes,  may  be  even  with  the  outward  face 
of  the  wall. 

No  external  decoration  to  be  of  wood,  except  cornices  or 
dressings  to  shop  windows ;  ironlispieces  to  door* ways  of  the 
second,  third,  and  fourth  rate  classes,  and  covered  wnys  or  porti- 
coes to  buildin^rg;  but  not  to  project  beyond  the  original  line  of 
the  house  in  any  street  or  way.  Such  covered  way  or  poKico 
not  to  be  covered  with  wood  ;  nor  such  cornice,  covered  way, 
or  root  of  the  portico,  to  be  higher  than  the  under  side  of  the 
sill  to  the  windows  of  the  one  pair  of  stairs  floor.  No  flat 
gutter  or  roof,  nor  any  turret,  dormer,  or  lantern  light,  or  other 
erection  placed  on  the  flat  of  the  roof  belonging  to  the  first, 
second,  third,  fourth,  and  fifth  rate  classes,  to  be  of  wood. 

No  wooden  water  tanks  must  be  higher  from  the  ground 
than  the  tops  of  the  windows  of  the  ground  story. 

Thoc«  provisions  of  the  Act  which  relate  to  the  Bricklayer 
are  the  mof»t  numerous.  Every  roaster  bricklay^  must  give 
twenty-four  houi^*  notice  to  the  Surveyor  of  the  district,  con* 
oeming  the  building  to  be  altered  or  erected ;  but  if  the  build- 
ing is  to  b'  piled  or  planked,  or  begun  with  wood,  it  becomes 
the  business  of  the  carpenter  to  give  such  notice. 

The  footings  of  the  walls  are  to  have  ecjual  projections  on 
each  side;  but  where  any  adjoining  building  will  not  admit 
of  such  projections  to  be  made  on  the  side  adjoining  to  such 
building,  tnis  direction  to  be  complied  with  as  nearly  as 
possible. 

The  timbers  in  each  rate,  as  girders,  beams,  trimming 
joists,  ice.  may  have  as  much  bearing  as  the  nature  of  the  wall 
will  admh,  provided  four  inches  be  left  between  the  ends  of 
snch  timber  and  the  external  surface  of  the  wall. 

External  Walk. 

Every  firont,  side,  or  end  wall,  not  being  a  party  wall,  b 
ealM  an  external  wall. 

External  walls,  and  other  external  incIo«ures  to  the  first, 
second,  tbinJ,  fourth,  and  fifth  rates  of  buildings,  must  be  of 
Mck,  Itooe,  tttlfloial  stone,  lead,  copper,  tin,  slate,  tile,  or 
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ifon ;  or  of  come  or  all  of  these  materiak  in  conjunction,  except 
the  phinking,  piling)  &o.  for  the  foundation,  which  may  be  of 
wood. 

If  any  part  to  an  external  wall  of  the  first  and  second  rate 
b  built  wholly  of  stone,  it  is  not  to  be  less  in  thickness  than 
as  follows:  first  rate,  fourteen  inches  below  the  ground  floor, 
nine  inches  above  the  ground  floor;  second  rate,  nine  inches 
above  the  ground  floor. 

Where  a  recess  is  meant  to  be  made  in  an  external  wall,  it 
must  be  arched  over,  in  such  a  manner,  that  the  arch  and  the 
back  of  such  recess,  shall  respectively  be  of  the  thickness  of 
one  brick  in  length ;  hence  no  walls  are  allowed  to  be  recessed 
which  are  not  more  than  one  brick  in  thickness. 

No  external  wall  to  tiie  first,  second,  third,  and  fourth  rate, 
is  ever  to  become  a  party-wall,  unless  the  same  shall  be  of  the 
height  and  thickness  above  the  footing,  as  is  required  for  each 
paKy-wall  to  its  respective  rate. 

Partji/  Walls. 

Building  of  the  first,  second,  third,  and  fourth  rate,  which 
are  not  yet  designed  by  the  owner  thereof  to  have  separate  and 
distinct  side  walls,  on  sueh  parts  as  may  be  contiguous  to  other 
buildings^  must  have  party-walls ;  and  they  are  to  be  placed 
half  ara  half  on  the  ground  of  each  owner,  or  of  each  build* 
in^  respectively,  and  stay  be  built  thereon,  without  any  notice 
bemg  given  to  the  owner  of  the  other  part,  the  first  builder 
having  a  right  so  to  do,  when  building  against  vacant  ground. 

Party-walls,  chimneys,  and  chimney  shafls  hereafter  to  be 
built,  must  be  of  good  sound  brick  or  stone,  or  of  sound 
bricks  anil  stone  together,  and  must  be  coped  with  stone,  tile, 
or  brick. 

Partv-walls,  or  additions  thereto,  must  be  carried  up  thir- 
teen inches  above  the  roof,  measuring  at  right  angles  witli  the 
back  of  the  rafter,  and  twelve  inches  above  the  gutter  of  the 
highest  building  which  gables  against  it ;  but  where  the  height 
of  a  party- wall  so  carried* up,  exceeds  the  height  of  the  block* 
log  course  or  parapet,  it  may  be  made  less  than  one  foot  above 
the  gutter,  for  the  distance  of  two  feet  six  inches  from  the  front 
of  tiie  blocking  course  or  parapet. 

Where  dormers  (the  term  for  windows  in  roofs,  differing  from 
skylights  by  their  being  vertical)  or  other  erections  are  fixed  in 
any  flat  or  roof,  within  foor  feet  of  any  party-wall,  such  party- 
wall  is  to  be  carried  up  against  such  dormer,  and  roust  extend 
at  least  two  feet  wider,  and  to  the  full  height  of  every  such 
dormer  or  erection. 

12.  Vol.  I.  S  M 
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No  recess  is  to  be  hereafter  made  in  any  jputy^wall  of  the 
first,  second,  third,  and  fourth  rale,  ezcq>t  for  chimney  floes, 
girders,  &c.  and  for  the  ends  of  walls  or  piers,  so  as  to  redaos 
such  wall  in  any  part  of  it  to  a  less  thickness  than  is  required  by 
the  act,  for  the  highest  rate  of  building  to  which  such  wall 
belongs. 

No  opening  is  to  be  made  in  any  party-wall,  except  for  com* 
munication  from  one  stack  of  warehouses  to  another,  and  from 
one  stable  building  to  another,  and  the  communications  allowed 
must  have  wrought  iron  doors,  and  the  panneb  thereof  are  nol 
to  be  less  than  a  quarter  of  an  inch  thick,  and  must  be  fixed  in 
stone  door-cases  and  sills.  But  there  may  be  openings  for 
passages  or  ways  on  the  ground,  for  foot  passengers,  cattle  or 
carriages,  which  must  be  arched  over  throuffhont  with  brick  or 
stone,  or  brick  and  stone  together,  of  the  tnickness  of  a  brick 
and  a  half  at  the  least,  to  the  first  and  second  rate,  and  one 
brick  to  the  third  and  fourth  rate.  And  if  there  is  any  cellar 
or  vacuity  under  such  passage,  it  is  to  be  arched  over  through- 
out in  the  same  manner  as  the  passage  over  it. 

No  party- wall,  or  party-arch,  or  shaft  of  any  chimney,  new 
or  old,  must  be  cut  into,  except  for  the  following  purposes:  if 
the  fronts  of  buildings  are  in  a  line  with  each  other,  a  reoesa 
may  be  cut,  both  in  the  fore  and  back  front  of  such  buildings, 
(as  may  be  already  erected,)  for  the  purpose  of  inserting  the 
end  of  such  other  external  wall,  which  is  to  adjoin  thereto. 
This  recess  must  not  be  more  than  nine  inches  deep  from  tho 
outward  faces  of  such  external  walls^  and  not  be  cut  beyond 
the  centre  of  the  party-wall.  And  for  the  purpose  of  inserting 
bresBummers  and  story  posts,  that  are  lo  be  fixed  on  the  ^ound 
floor,  either  in  the  front  or  back  widll,  the  leoess  may  tie  cut 
from  the  foundation  of  such  new  wall  to  the  top  of  such  bres- 
summer,  fourteen  inches  deep  fi-om  the  outward  face  of  such 
wall,  and  four  inches  wide  in  the  cdlar  stoiy,  and  two  inches 
wide  on  the  ground  story.  The  same  may  also  be  done  for  the 
purpose  of  tailing-in  stone  steps,  or  stone  brndiuffs^  as  for 
bearers  to  wood  stairs,  or  for  laying-in  stone  corbm  for  the 
aupport  of  chimney  jambs,  girders,  beams,  purlines,  binding 
or  trimming  joists,  or  other  principal  timbers. 

Perpendicular  recesses  may  aho  be  cut  in  any  pavty^wally 
whose  thickness  is  not  less  than  thiiteen  inches,  for  the  purpose 
of  inserting  walls  and  piers  therein ;  but  thqr  mist  not  be  wider 
than  flfleen  inches,  or  more  than  four  inclm  deep ;  and  n^ 
eucb  recess  is  to  be  nearer  than  ten  ieet  to  any^ther  recess.  All 
iuch  oDtdngs  or  leoesies  must  be  immedJalsrf  made  good,  and 
eflectualhr  pinned  up,  with  brick|  stone,  datci  tUe,  Bkdl>  or 
iron,  bedded  in  mortar. 
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'  No  party«vall  must  be  cut  for  anj  of  the  above  purposes,  if 
the  same  will  injure,  displace,  or  endanger  the  timbers,  chim* 
neys,  flues,  or  internal  nnisbings  of  the  adjoining  buildings. 

The  footing  may  be  cut  off  on  the  side  of  any  party-wall, 
where  an  independent  side  wall  is  intended  to  be  built  against 
such  party-walL 

When  any  buildings  (inns  of  court  excepted)  that  are 
erected  over  gate-ways,  or  public  passages,  or  have  different 
rooms  and  floors,  the  property  of  different  owners,  are  to  be 
rebuilt,  they  must  have  a  party-wall,  with  a  party-arch  or 
arches  of  the  thickness  of  a  brick  and  a  half  at  the  least,  to  the 
first  and  second  rate,  and  of  one  brick  to  the  third  and  fourth 
rate,  between  building  and  building,  or  between  the  different 
rooms  and  floors  that  are  the  property  of  different  owners. 

Inns  of  court  are  required  only  to  have  party- walls  where 
any  room  or  chamber  communicates  to  each  separate  and 
distinct  staircase,  and  which  are  also  subject  to  the  same  regula- 
tions as  respect  other  party-walls. 

If  builaings  of  different  rates  adjoin  each  other,  and  any 
addition  is  intended  to  be  made  to  the  lower  rate,  the  party- 
wall  of  sttch  Imilding  must  be  such  as  is  required  for  that  of  the 
higher  rate  adjoining. 

When  any  party-wall  is  raised,  it  is  to  be  made  of  the  same 
thickness  as  the  wall  in  the  story  next  below  the  roof  of  the  highest 
baildiag  adjoining,  but  it  must  not  be  raised  at  all,  unless  it 
can  be  done  with  safety  to  such  wall,  and  the  building  adjoin- 
faig  thereto. 

Every  dweHing-house  butH  four  stories  high  from  the  foun- 
dation, exclusive  of  rooms  in  the  roof,  must  have  its  party-wall 
bnilt  according  to  the  third  rate,  although  such  dwelling-house 
may  be  of  the  fourth  rate.  Every  dwelling-house,  also,  exceed- 
ing four  stories  in  height  from  the  foundations,  exclusive  of 
the  rooms  in  the  roof,  must  have  its  party-wall  built  according  to 
the  fiist  rate,  although  such  house  may  not  be  of  the  first  rate. 

Chimneys. 

No  chimney  is  to  be  eroded  on  timber,  except  on  the  piling, 
planking,  ftc.  of  the  foundations  of  the  building. 

Chimneys  may  be  bnilt  back  to  back  in  party- walls;  but 
when  this  is  done,  they  must  not  be  less  in  thickness  from  the 
dentre  of  such  partv-wall  than  as  follows :  first  rate,  or  adjoin- 
ing^ thereto,  mnst  be  one  brick  thick  in  the  cellar  story,  and 
Mf  a  brick  in  all  the  upper  stories.  Second,  third,  and 
Jbmih  rate,  or  adjoining  thereto,  must  be  three-quarters  of  a 
briekin  the  cellar  story ;  and  half  a  brick  in  all  the  upper  stories. 
Sacli  chimneys  in  party-walb   of  any  of  the  four  rates,  ar 
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do  not  stand  back  to  back,  maj  be  built  as  follows :  from  the 
external  iace  of  the  partj*wall  to  the  inward  face  of  the  back 
of  the  chimney  in  the  celUr  story,  one  brick  and  a  half  thicky 
and  in  the  upper  stories,  one  brick  thick  from  the  hearth  to 
twelve  inches  above  the  mantle.  If  such  chimney  is  built 
against  any  other  wall,  the  back  may  be  half  a  brick  thinner 
than  above  stated. 

Those  backs  of  chimneys  which  are  not  in  party-walk  of 
the  second,  third,  and  fourth  rate,  must  be  in  every  story  one 
brick  thick  at  least,  from  the  hearth  to  twelve  inches  above  the 
mantle.  These  backs  may  also  be  half  a  brick  thinner,  if  such 
chimney  be  built  aj^inst  any  other  wall. 

The  breasts  ot  chimneys,  whether  in  party-walls  or  not, 
are  not  to  be  less  than  one  brick  thick  in  the  cellar  story,  and 
half  a  brick  thick  in  every  other  story. 

All  partitions  between  flues  must  not  be  less  than  half  a 
brick  thick. 

Flues  may  be  built  opposite  to  each  other  in  party-walls,  bat 
they  must  not  approach  nearer  to  the  centre  of  such  wall  than 
two  inches. 

All  chimney  breasts  next  to  the  rooms,  and  chimney  backs, 
and  all  flues,  are  to  be  rendered  or  pargeted. 

Backs  of  chimneys,  and  flues  in  party* walls  against  vacant 
ground,  must  be  lime  whited,  or  marked  in  some  durable 
manner,  but  must  be  rendered  or  pargeted  as  soon  as  any  other 
building  is  erected  to  adjoin  them. 

No  timber  must  be  over  the  opening  of  any  chimney  for 
iupportiog  the  breast ;  but  all  chimneys  must  have  a  brick  or 
stone  arch,  or  iron  bar  or  ban. 

All  chimneys  must  have  slabs  or  foot  paces  of  stoney 
marble,  tile,  or  iron,  at  least  eighteen  inches  broad,  and  at 
least  one  foot  longer  than  the  opening  of  the  chimney  when 
finished ;  and  such  slabs  or  foot  paces  must  be  laid  on  brick  or 
stone  trimmers  at  least  eighteen  inches  broad,  from  the  faoe  of 
the  chimney  breast,  except  there  be  no  room  or  vacuity  beneath, 
in  which  case  they  may  be  bedded  on  the  ground. 

Brick  funnels  must  not  be  made  on  the  outside  of  the  first, 
second,  third,  or  fourth  rate,  next  to  any  street,  souare,  court, 
road,  or  way,  so  as  to  extend  beyond  the  general  line  of  the 
buildings  in  such  situations. 

No  metallic  funnel  or  other  pipe,  for  conveying  smoke  oc 
steam,  is  allowed  to  be  fixed  near  any  public  street,  squaie, 
court,  or  way,  to  the  first,  second,  third,  or  fourth  rate,  and 
Qo  such  pipe  is  to  be  fixed  on  the  inside  of  any  building  nearer 
than   fourteen  inches   to  any  timber,   or  other  oonbiutiUa 
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MECHANICS. 

The  science  of  Mechanics  haa  been  very  conei^ely  defined^ 
the  geometry  of  motion.  It  is  divided  by  Sir  Isaac  Newton 
into  the  two  branches  of  practical  and  rational  mechanics* 
Practical  mechanics  treats  of  the  six  mechanical  powers,  of  one 
or  more  of  which  every  machine  is  composed;  and  rational 
mecbaaics  comprehends  the  whole  theory  of  motion,  shows 
how  io  determine  the  motions  pi^«>diiced  by  given  powers  ot 
forces ;  and  conversely,  when  the  phenomena  of  the  motions 
are  given,  how  to  trace  the  powers  or  forces  from  which  they 
arise* 

Of  Matter. 

Every  branch  of  natural  philosophy  acquaints  ns  with 
some  new  properties  of  matter,  of  the  geneml  nature  of  which^ 
and  of  tht>6e  properties  of  it  which  respect  mechanical  science, 
we  shall  here  introduce  an  account. 

The  terms  matter^  substance^  and  bodVj  though  so  nearly 
allied  that  they  are  occasionally,  employeu  in  the  same  sense, 
without  creating  much  confusion  of  ideas,  have  different  signi- 
fications, which  ought  to  be  understood. 

Mailer  is  the  most  general  term  of  the  three,  and  compr&* 
bends  whatever  is  capable  of  making  resistance,  and  is  possessed 
of  weight,  without  regard  to  figure  or  quantity. 

The  word  substance  b  compounded  of  the  Xiatin  preposition 
sub  (under,)  and  the  verb  stare  (to  stand,)  and  approacnes  very 
nearW  to  the  signification  of  the  word  matter,  as  it  implies  that 
which  supports  or  stands  under  the  different  forms  and  appear- 
ances which  are  presented  to  our  senses.  Its  meanine  is^ 
however,  more  restricted,  and  it  is  generally  accompanied  by 
(he  article,  to  denote  a  particular  portion  of  matter. 

The  term  boAf  comes  from  the  Saxon,  and  originally  signi- 
fied the  pery)n  or  form  of  a  man,  or  other  creature;  hence  it 
oaght  to  be  applied  only  to  a  substance  possessing  a  definite 
form. 

An  examination  of  the  general  properties  of  matter  will 
afibrd  us  a  better  idea  of  its  nature,  than  can  possibly  be  given 
by  a  definition.  Some  kinds  of  matter,  as  metab,  wood,  done, 
&c.  are  visible,  a  property  dependent  upon  their  opacity,  or 
power  of  reflecting  to  our  eves,  some  or  all  of  the  rays  of  light 
which  fall  upotp  them.    Other  kinds  of  matter  are  invisible,  oa 
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account  of  their  perfect  transparency,  and  their  existence  is 
ascertained  only  by  their  eifects.  Of  this  class  are  the  various 
kinds  of  gases,  for  example,  the  atmosphere  or  air  that  we 
breathe,  which,  though  totally  invisible  when  dry  and  pure, 
yet  is  matter,  as  much  as  iron  or  the  hardest  body  in  nature. 

Among  the  properties  attributed  to  all  matter,  the  following 
are  too  important  to  be  passed  over  without  particular  notice, 

viz.  80LID1TT,  EXTENSION,  DIVISIBILITV,  MOBILITY,  INERTIA, 
ATTRACTION  and  REPULSION. 

The  $o6diiy  of  matter  here  meaht  is  not  opposed  to  fluidity, 
but  expresses  that  property  which  every  body  possesses  of  not 
permitting  any  other  body  to  occupy  the  same  place  with  it  at 
the  same  time.  This  fact  is  an  axiom  in  philosophy  of  the 
nost  incontestable  kind.  If  a  piece  of  wood  or  stone  occupy 
a  certain  space,  it  must  be  removed  before  another  body  can 
be  put  into  that  space,  and  though  the  tyro  may  suggest  that 
fluids  do  not  oppose  such  resistance,  it  is  onl^  the  facility  with 
which  they  escape  that  induces  the  supposition  of  their  being 
an  exception  to  this  universal  property  of  matter.  Under 
proper  circumstances,  their  solidity  is  as  obvious  as  that  of  the 
most  solid  substance:  the  piston  of  a  syringe  drawn  fiiU  ^ 
water,  cannot  be  thrust  down  if  the  aperture  for  the  jet  be 
stopped ;  and  a  pair  of  bellows  filled  with  air,  cannot  be  com« 
pmsed  if  the  pipe  be  closed.  The  solidity  of  matter  Aus 
understood,  is  tne  same  with  what  some  writers  call  its  impene- 
(robility.  These  words,  in  common  language,  denote  the 
property  of  not  being  easily  separated  into  parts,  a  meaning 
vet^  difierent  from  that  attached  to  them  in  the  sense  just  ex* 
plained,  with  which  it  must  therefore  not  be  oonfeunded. 

Extension  is  another  property  of  matter  inseparable  from  its 
existence.  The  idea  which  we  obtain  of  solidity  by  the  resis- 
tance of  bodies,  and  the  impossibility  of  two  bodies  co-existing 
in  the  same  identical  place,  immediately  suggest  and  prove  to 
us  that  matter  is  extended,  or  occupies  a  certain  portion  of 
space. 

DroisibUUy  is  that  property  by  which  matter  in  capable  of 
being  separated  into  parts  removeable  from  each**  other.  We 
cannot  conceive  a  particle  of  matter  to  be  so  small,  as  not  to 
oonsbt  of  two  halves;  this  being  the  case,  we  are  directly  led  to 
die  conclusion  that  matter  is  capable  of  being  divided  to 
infinity.  But,  however  natural  this  mode  of  reasoning  appears, 
it  has  had  man^  opponents,  and  those  vrho  suppose  it  just, 
kave  been  consideiea  as  involving  themselves  ui  a  cioaa  of 
palpable  contradictions.  To  assume,  it  has  been  said,  as  a  fifvl 
principle  in  phiksophy,  that  matter  is  infinitely  dfivlsible,  k  to 
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aswrt  that  it  has  no  begiiinin?  of  sabstance;  that  there  are  no 
limits  between  matter  and  nothing;  and  that  a  finite  thing  has 
infinite  properties.  Such  being  the  difficulties  attending  the 
assumption  of  the  infinite  divisibility  of  matter,  Sir  Isaac 
Newton  closes  an  admirable  disquisition  on  the  nature,  laws^ 
and  constitution  of  matter,  bj  stating  the  great  probability  that 
God  in  the  beginning  formed  matter  into  solid,  massive,  im- 
penetrable, moveable  particles  or  atoms,  of  snch  siaes  and 
figures,  and  with  such  other  properties,  and  in  such  proportion 
to^oe,  as  most  conduced  to  the  end  for  which  he  formed 
them;  and  that  these  primitive  particles  beine  absolute  solids4 
are  incomparably  harder  than  any  of  the  bodies  coroponndra 
of  them,  even  so  hard  as  to  be  incapable  of  wearing  or  break- 
ing  in  pieces,  nothing  but  infinite  power  bein^  able  to  destroy 
what  Infinite  Power  made  one  in  tfafe  first  creation.  That  nature 
may  be  lasting,  the  changes  of  corporeal  things  are  to  be 
attributed  only  to  the  various  separations  and  new  associations  of 
these  pennanent  particles,  and  when  compound  bodies  break^ 
it  is  not  in  the  midst  of  solid  particles,  but  where  these  are  laid 
together  and  touch  only  in  a  few  points.  By  adopting  this 
theory  of  ultimate  atoms,  we  avoid  the  toils  of  metaphysics^ 
although,  at  the  same  time,  we  take  for  granted  what  we  cannot 
directly  prove.  But  those  propositions  which  are  proved  by 
the  absurdity  of  supposing  the  contraiy,  are  often  as  important^ 
and  nearly  as  well  entitled  to  be  received,  as  those  whicn  admit 
of  the  most  palpable  demonstration;  and  although  Sir  Isaac 
Newton's  ooniectnre  respecting  solid,  indestructable  atoms,  has 
been  bnfietedf  amon^  men  of  science  for  about  one  hundred 
years,  it  remains  to  &  the  prevalent  opinion  at  this  day;  not 
because  much  new  lij^ht  his  been  thrown  upon  the  subject^ 
sinee  the  time  of  that  justly  admired  philosopher,  but  because 
it  comports  so  well  with  the  phenomena  olf  nature,  that  an 
assent  to  it  can  hardly  be  denied.  The  extreme  tenuity  of 
certain  substances  to  our  general  perception,  is  no  proof 
against  their  bein^  composed  of  particles  perfectly  solid ;  if  a 
wet  bfaulder  be  tied  over  the  mouth  of  a  pneumatic  jar  (that  is^ 
a  jar  open  at  the  bottom)  and  then  gently  dried,  so  as  to  remain 
wdl  stretched,  and  the  jar  be  then  placed  upon  the  air-pump, 
as  soon  as  it  is  exhausted  of  air,  the  atmosphere  pressing  upon 
the  exterior,  will  boist  the  bladder,  and  falling  upon  the  pump* 
plate,  will  produce  a  load  report,  like  a  gun.  This  efiect 
could  not  be  produced  without  tne  intervention  of  solid  particlei 
in  air.  Further,  it  seems  impossible  to  account  for  the  power 
of  the  most  subtil  agents  of  nature,  if  their  ultimate  atoms 
Wwcrcr  few  they  may  b^  in  a  given  compass,  were  not  equal  in 
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aolidity  to  (hofie  which  appear  to  us  the  hardest.  Though  tha 
velocity  of  the  electric  fluid  is  immeasurably  ffreat)  that  velocity 
alone  would  be  insufficient  to  produce  its  weU-known  effiscts  on 
bodies  of  the  closest  texture^  if  il  contained  no  principle  of 
hardness  within  itself. 

Having  premised  these  considerations,  we  shall  now  take  a 
view  of  parte  actually  separate,  and  if  we  shall  find  that  these 
are  so  small  and  so  numerous  as  to  surpass  imagination,  we 
shall  have  approximated  as  nearly  ais  the  nuraan  understanding 
can  do,  to  the  attainment  of  an  idea  of  the  inconceivable 
minuteness  of  those  solid,  ultinmte,  indivisible  atoms  which 
constitute  matter.  A  pound  of  so  gross  a  substance  as  cotton, 
may  be  spun  into  a  thread  exceeding  one  hundred  yards  in 
length ;  and  the  celebrated  Boyle  speaks  of  a  thread  of  silk 
three  hundred  vards  in  length,  whien^  weighed  no  more  than 
throe  grains  and  a  half.  But  the  ductility  ^  of  gold  is  still  more 
astonishing ;  a  grain  of  gold  can  be  hammerra  by  the  gold« 
beaters,  until  it  will  cover  fifty  square  inches,  and  may  be 
divided  into  two  millions  of  visible  parts.  The  gold  which 
covers  the  silver  wire  used  in  making  silver  lace,  is  spread  over 
a  surfrce  twelve  times  greater  than  in  the  last  mentioned 
instance.  In  making  this  wire,  a  cylindrical  bar  of  silver  is 
stfoi^iy  gilt,  and  amrwards  converted  into  wire  by  drawing  it 
successively  through  holes  diminishing  in  magnitude,  formed 
in  plates  of  steel.  By  this  means  the  surface  is  prodigiously 
au^ented ;  but  the  wire  still  remains  gilt,  and  preserves  a 
uniform  appearance,  even  when  examined  by  the  microscope. 
Sixteen  ounces  of  gold,  which  would  not  occupy  more  space 
than  one  cubical  idch  and  a  quarter,  will  completely  gtid  a 
wire  sufficiefit  to  encompass  the  whole  globe  of  the  earth.  The 
metallic  particles  in  acid  solutions  are  still  more  minntdy 
divided.  A  single  grain  of  copper  dissolved  in  an  ounce  of 
diluted  nitrous  acid,  will  impart  a  green  colour  to  a  gallon  of 
water,  or  cover  one  thousand  square  inches  of  bright  iron  with 
a  coat  of  copper. 

:  The  odour  of  all  bodies  that  excite  the  sensation  of  smell 
cannot  be  given  out  without  a  waste  of  their  substance;  yet  this 
waste  is  so  very  small,  that  is,  the  fragrant  parts  of  bodies  are 
endued  with  snch  prodigious  divisibility,  as  in  general,  for  long 
periods,  to  occasion  no  perceptible  diminution  of  the  substance 
oy  which  it  is  sustained.  The  odour  of  a  grain  of  musk  will 
continue  for  twenty  years  in  an  apartment  where  fresh  air  is 
admitted  every  day.  Instances  of  the  wonderful  divisibility  of 
matter  are  very  abundant.  Gunpowder,  when  exploded,  ex- 
pands to  two  hundred  and  forty-four  times  the  bulk  it  occupied 
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in  a  solid  state;  and  water,  when  converted  into  vapour  o^ 
steam,  fills  a  space  eighteen  hundred  times  greater  than  in  its 
fluid  form. 

The  wonders  of  the  organist  creation^  as  laid  open  to  us  by 
the  microscope,  arc  not  less  extraordinary  than  any  thing  we 
liave  yet  contemplated,  as  exemplifying  the  divisibilitv  of 
matter.  Lewenhoeck  discovered  in  the  melt  of  a  single  codf-fish 
a  greater  number  of  auiroalcute  than  there  are  inhabitants  upon 
the  face  of  the  earth ;  and  he  calculates  that  one  thousand 
millions  of  such  animalculse  as  are  discovered  in.  common  water 
would  not  equal  in  magnitude  a  grain  of  common  sand. 
Thousands  of  these  minute  beings  might  be  contained  on  the 
point  of  a  fine  needle ;  yet,  if  we  suppose  them  to  be  furnished 
with  blood,  like  other  animals,  ana  if  the  globules  of  their 
Mood  bear  the  same  proportion  to  their  bulk  as  those  of  a  man 
bear  to  his  body,  it  may  be  proved  that  the  smallest  visible 

Srain  of  sand  would  contain  more  of  these  elobules  than  ten 
lousand  of  the  largest  mountains  in  the  world  would  contain 
grains  of  sand.  When  we  have  well  considered  the  minuteness 
of  the  smallest  object  in  the  microscopic  world,  and  are 
apprized  that  innumemble  particles  of  light  must  proceed  to 
our  eye  from  every  part  of  that  object,  or  it  woukl  not  be 
viaibie,  we  may  perhaps  be  led  to  institute  an  inquiry  respecting 
the  siceof  the  particles  of  light  itself.  The  result  of  such  an 
investigation  will  mock  our  conception,  even  if  nothing  we 
have  previouslv  learned,  has  had  this  eflTect.  By  a  calculatioa 
apparently  well  conducted,  a  particle  of  light  has  been  estimat*- 

Prom  the  preceding  statements  it  is  clear,  that  matter  is 
actually  divisible  to  a  greater  extent  than  we  can  conceive.  On 
the  other  hand,  it  is  next  to  an  absolute  certainty,  that  the 
hardest  and  most  compact  bodies  are  full  of  pores  or  interstices, 
their  particles  being  either  no-where  in  actual  contact,  or  touch« 
ing  only  in  a  few  points.  One  proof  of  this  is,  that  the  hardest 
bcKlies  are  known  to  contract  by  cold,  which  contraction  would 
be  impossible,  if  their  particles  were  as  close  as  they  coald  be  to 
each  other. 

MMkiy  expresses,  the  capacity  of  matter  to  be  moved  front 
one  Dosition  or  part  of  space  to  another. 

space  is  an  abstract  idea,  and  must  be  described  princi* 
pally  by  its  want  of  propeKies.  Its  extension  or  capacity  i» 
without  limits,  and  it  does  not  consist  of  parts  capable  of  actual 
separation  from  each  other;  the  division  of  it  therefore  h 
always  merely  hypothetical.     It  is  incapable  of  resistiujf  in 
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any  degree  the  passage  of  bodies  through  it;  and  being  per* 
fectiy  uniform  in  all  its  parts,  these  cannot  be  distinguished 
from  each  other  except  by  the  bodies  placed  in  them.  When 
any  given  length,  as  a  yard  or  a  mile,  has  become  familiar  to 
us,  vre  can  reduplicate  these  measures  as  often  as  we  please, 
nvithout  joining  them  to  the  idea  of  body,  and  we  thus  obtain 
ouir  ideas  of  immensity. 

Inertia  is  the  term  which  designates  the  passiveness  of 
matter,  which,  if  at  rest,  will  for  ever  remain  in  that  state  until 
compelled  by  some  cause  to  more;  and  on  the  contrary,  if  ia 
motion,  that  motion  will  not  cease,  or  abate,  or  change  its  direo* 
tion,  unless  the  body  be  resisted.  That  a  body  at  rest  will  not 
move  of  itself,  will  i>e  readily  admitted;  but  its  tendency  to 
continue  the  motion  once  communicated  to  it,  contradicting 
our  ordinary  experience,  requires  a  little  explanation.  We  caa 
indeed  produce  no  species  or  motion  which  will  fully  illustrate 
the  proposition  by  experiment,  but  the  conclusion  seems  unde- 
niable, when  we  consider  the  eiSect  produced  by  diminishing  the 
obstructions  to  a  body  in  motion.  These  obstructions  are, 
gravitation,  the  resistance  of  the  air,  and  friction.  Grevita-^ 
tion,  as  will  be  understood  when  we  come  to  .treat  of  it,, 
operates  according  to  established  laws,  unsusceptible  of  change, 
or  modification  by  human  art ;  most  of  the  resistance  of  the 
air  may  be  removed  by  means  of  the  air-pump,  but  experi- 
ments with  thb  machine  can  only  be  of  small  extent;  the  last- 
named  obstruction  to  motion,  viz.  friction,  is  therefore  the  on^ 
one  we  have  in  ^neral  the  power  of  diminishing;  and  jet  in. 
proportion  as  this  one  is  diminished,  we  find  the  motion  com- 
municated to  a  body  by  a  given  impulse,  so  much  increased  that' 
we  cannot  hesitate  to  consider  the  action  of  gravitation  and  the 
resistance  of  the  air,  combined  with  the  motion  yet  unde-- 
stroyed,  a3  the  sole  causes  of  its  ever  ceasmg.  If  a  ball  be 
projected  along  a  rough  pavement,  it  will  soon  stop ;  if  pro- 
jected oh  a  level  floor,  the  same  force  will  send  it  mucn  fortnec ; 
and  on  a  surface  perfectly  plane,  hard,  and  smooth,  a  ball 
also  perfectly  hard  and  smootn,  as  well  as  globular,  would  be 
carried  perhaps  five  hundred  yards,  by  the  same  force  thai 
would  scarcely  carry  it  twenty  yards  upon  the  rough  pavement* 
So  far,  also,  as  reasoning  confirms  the  explanation  given  of  the 
inertia  of  matter,  it  seems  as  absurd  to  suppose  that  matter 
once  put  in  motion  can  stop  without  a  cau$e,  as  that  when  at 
rest  it  can  move  without  a  cause. 

AUracUan  denotes  the  property  which  bodies  have  to 
approach  each  other.  Philosophers  enumerate  five  kinds  of 
attraction,  viz.  the  attraction  of  cohesion,  of  gramMim,  of. 
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ehctrkiij/^   of  magnetism^  and   chemical  attraction.     Only  the 
two  first  kinds  of  attraction  belong  to  our  present  subject.    * 

The  attraction  of  cohesion  takes  place  between  bodies  onlj 
when  they  are  at  very  short  distances  from  each  other,  and  may 
be  exemplified  in  a  variety  of  %vays.  If  two  pieces  of  lead  be 
scraped  clean  and  smooth,  and  then  strongly  compressed,  they 
will  cohere  almost  as  firmly  as  if  united  by  solder.  Planes  of 
riass,  marble,  and  other  substances,  exhibit  similar  phenomena. 
That  this  cohesion  is  not  owing  merely  to  the  exclusion  of  the 
atmosphere,  from  the  evenness  of  the  surfaces  employed^  is 
proved  by  its  taking  place  in  vacuo. 

The  strength  of  the  attraction  of  cohesion  differing  in 
diflerent  kinds  of  matter,  is  supposed  to  be  the  cause  of  the 
relative  degrees  of  hardness  in  different  bodies.  It  is  therefore 
weakest  in  fluids,  yet  substances  of  this  description  indicate  a 
disposition  to  unite.  A  fluid  may  be  poured  into  a  vessel  till  it 
rises  above  the  brim,  because  the  attraction  betweeif  its  particles 
resists,  to  a  certain  extent,  its  overflowing.  From  the  same 
cause,  the  drops  of  dew  upon  the  leaves  of  plants,  and  water 
thrown  upon  a  dusty  floor,  where  it  is  prevented  from  spreading, 
assume  a  globular  form ;  small  portions  of  quicksilver,  also, 
when  brought  near  each  other,  coalesce,  and  assume  the  same 
giobular  appearance. 

A  fluia  contained  in  a  vessel  not  full  to  the  brim,  assumes  si 
concave  form,  being  highest  at  the  edge.  If  a  plate  of  glass 
be  immersed  in  water,  the  water  immediately  surrounding  it, 
win  rise  above  the  general  surface.  If  a  second  plate  of  glasi 
be  immersed  in  the  water,  parallel  to  the  former,  and  at  a  very 
short  distance  from  it,  the  fluid  will  rise  above  its  level  between 
the  two  plates,  and  the  nearer  they  are  brought  to  each  other, 
so  as  not  to  touch,  the  higher  will  the  water  rise.  If  the  water 
be  darkened,  as  by  the  addition  of  a  little  ink,  and  a  glass  tube 
with  an  exceedingly  small  bore  be  placed  perpendicularly  in  it, 
the  rise  may  be  distinctly  detected  to  be  very  considerable.  All 
eftcts  of  thb  description,  to  which  may  be  referred  the  rising 
of  water  in  a  sponge,  or  other  porous  bodies,  are  usually 
attributed  to  what  is  called  capillnry  attraction ;  but  capillary 
attraction  is  only  a  particular  modification  or  branch  of  the 
attraction  of  cohesion. 

The  attraction  of  gravitation^  or,  as  it  is  most  often  ex- 
pnased  by  one  word,  gravity^  differs  from  the  attraction  of 
oobcsion  in  this  respect,  that  it  is  exerted  at  all  distances,  and 
by  every  particle  of  matter  upon  every  other  particle.  This 
principk  18  the  Imuis  of  the  Newtonian  philosophy.  The  planets 
and  comets  all  gravitate*  towards  the  sun,  and  towards  each' 
other,  as  wdl  at  the  sun  towards  them.    The  gravitating  power' 
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of  a  bod  J,  18  always  proportionate  to  its  quanlitj  of  matter; 
and  ail  the  bcnyenlj  bodies  are  retained  in  their  places  by  the 
due  balance  of  their  action  on  each  other.     An  effect  of  gnivi* 
tation^  fiinitUar  to  ail  mankind,  is  the  tendency  of  bodies  to  fell 
to  the  earth.     This  tendency  is  always  towards  a  point,  which 
is  either  accaratel^  or  very  nearly  in  the  centre  of  the  earth ; 
consequently    bodies   fall  every-where  perpendicQlar   to   the 
surface,  and  on  opposite  sides  of  the  le^obe,  Uiey  fall  in  opposite 
directions  or  towards  each  other.     It  is  not  meant  that  there  is 
any  peculiar  rirtue  or  charm  in  the  point  called  the  centre;  but 
because  such  is  the  result  of  the  grayilation  of  bodies  towards  all 
parts  of  which  the  earth  consists.     The  pressure  of  bodies  to 
attain,  in  all  cases,  the  lowest  situation  possible,  or  that  nearest 
the  centre  of  the  earth,  is  what  constitutes  their  weight.     All 
substances  having  a  certain  degree  of  gravity,  they  nave  con* 
seqnently  all  weight.    Even  smoke  and  vapours  are  possessed  oi 
it,  the  reason  of  their  rising  from  the  earth  being  the  same  as  thai 
which  causes  a  piece  of  wood  to  swim  in  water,  viz.  they  ate 
lighter  than  an  equal  bulk  of  the  atmosphere  or  fluid  in  which 
they  are  disengaged,  and  therefore  their  falling  to  the  ground  is 
as  efiectually  resisted  as  the  falling  of  a  stone  supported  by  the 

bwd. 

As  the  gravitating  force  is  always  proportionate  to  the  quail* 
tity  of  matter,  the  most  compact  and  the  most  loose,  the 
greatest  and  the  smallest  bodies,  descend  through  equal  spacea 
in  equal  times,  unless  they  fall  through  a  resisting  medium, 
whicli  operates  most  upon  those  which  have  thegreatest  extension 
for  their  weight.  If  a  guinea  and  a  feather  were  dropt  at  the 
same  instant  from  the  top  of  a  bouse,  no  one  will  be  at  a  loss 
to  say,  which  would  soonest  reach  the  ground;  but  in  the 
exhausted  receiver  of  an  air»pump,  these  two  bodies  fidl 
together.  The  guinea  containing  more  solid  matter  than  the 
feather,  .requires  more  force  to  put  it  in  motion ;  but  the  attrac- 
tive power  being  proportioned  to  the  quantity  of  matter,  its 
velocity  is  not  greater  than  that  of  a  body  which  requires  leas 
force  to  put  in  motion.  Another  proof  that  the  gravity  of 
bodies  is  proportionate  to  their  quantity  of  matter,  is  derived 
from  experiments  on  the  motion  of  pendulums.  What  the 
lengths  of  pendulums  are  equal,  and  tney  vibrate  in  equal  arcs, 
they    alwavs  acquire  equal  velocities  at    the    corresponding 

eints  of  tnose  arcs,  and  their  vibrations  are  consequently  per- 
med in  times  exactly  equal,  however  different  the  bulk  and 
texture  of  the  material  of  which  they  are  composed.  The 
resistance  of  the  air  roust  be  understood  to  be  excluded  in  this 
experiment,  because  it  acts  unequallv  on  different  bodies,  m 
iMicady  exemplified  in  the  guinea  and  feather  experiment. 
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In  all  places  equally  distant  from  the  centre  of  the  earth, 
the  force  of  gravity  i&.fieerly  equiil.  The  earth  is,  however^ 
not  a  perfect  globe,  but  a  little  depressed  on  two  opposite  sides, 
partly  like  an  orange.  These  depressed  parts  are  at  the  poles, 
and  the  polar  diameter  of  the  earth  has  been  found  to  be  about 
thirty^four  miles  shorter  than  the  equatorial  one.  The  surface 
of  the  earth  at  the  equator  being  therefore  seventeen  miles  fur- 
ther from  the  centre  than  at  the  poles,  the  force  of  gravity 
there  is  less  than  at  the  poles.  It  is  for  this  reason  that  a  pen- 
dulum calculated  to  swing  seconds  in  the  polar  regions,  must 
be  shortened  before  it  will  swing  seconds  at  (he  equator;  and 
that  bodies  at  the  equator  lose  ts7  part  of  the  weight  which 
they  would  have  at  the  poles. 

The  power  of  gravity,  at  any  given  place,  is  greatest  at 
the  earth^  surface,  from  whence  it  decreases  both  upwards  and 
downwards,  but  not  both  ways  in  the  same  proportion.  The 
force  of  gravity  upwards  decreases  as  the  square  of  the  distance 
from  the  centre  increases;  so  that  at  a  double  distance  from  the 
centre  above  the  surface,  the  force  would  only  be  one-fourth  of 
what  it  is  at  the  surface.  The  surface  of  the  earth  is,  in 
round  numbers,  four  thousand  miles  from  the  centre;  if  then 
a  body  at  the  surface  weighs  four  pounds,  and  falls  through 
sixteen  feet  in  a  second  of  time,  it  will  at  double  this  distance 
from  the  centre  weigh  but  one  pound,  and  will  fall  through  but 
four  feet  in  a  second  of  time.  Below  the  surface  of  the  earth, 
the  power  of  gravity  diminishes  in  such  a  manner  that  its  inten- 
sity is  in  the  direct  ratio  of  the  distance  from  the  centre,  and 
not  as  the  square  of  the  distance;  so  that  at  the  distance  of  two 
thousand  miles,  which  is  half  a  semi  -  diameter  from  the 
centre,  the  force  would  be  but  half  what  it  is  at  thesur&ce;  at 
one-third  of  a  semi-diameter,  the  force  would  be  one-third,  and 
the  same  ratio  is  applicable  to  all  other  distances.  But  although 
the  force  of  gravity,  strictly  speaking,  varies  in  the;  manner 
just  stated,  in  receding  from  the  surface,  its  operation  at  short 
distances  is  considered  uniform,  a  Quarter  or  even  half  a  mile 
bearing  so  small  a  proportion  to  tne  earth's  radius,  that  the 
difference  is  too  insignincant  to  be  noticed  in  calcubtions. 

As  the  power  of  gravity  appertains  to  every  particle  of 
matter,  and  the  gravitating  power  of  entire  bodies  consists  of 
that  of  all  their  parts,  under  certain  circumstances  the  gravity 
of  a  part  of  the  earth  somewhat  counteracts  that  of  the  whole 
earth.  Thus,  the  attraction  of  a  lofty  mountain  is  found  to 
draw  a  plumb-line  at  the  foot  of  it  a  little  out  of  the  perpemii- 
cular,  so  that  in  such  a  situation  it  docs  not  tend  to  tne  centre 
€tf  the  earth. 
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The  space  which  bodies  actually  fall  through  u  sixteen  feet 
and  one-twelitb  in  the  first  second  of  lime,  in  the  latitude  of 
London ;  and  for  other  times  either  greater  or  less  than  that,  the 
spaces  descended  from  rest,  are  directly  proportional  to  the 
squares  of  the  times,  nvbile  the  falling  body  is  not  far  from  the 
eaHh*s  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter, 
were  placed  at  ever  so  great  a  distance  from  one  another,  and 
then  left  at  liberty  in  space,  and  if  there  were  no  other  bodies  in 
the  universe  to  aflect  them,  they  would  fall  equally  swift  tc 
wards  one  another,  with  a  velocity  continually  accelereted,  and 
would  meet  in  a  point  which  was  at  first  exactly  half  way 
between  them.  But  if  two  bodies,  containing  uneqtial  quanti« 
ties  of  matter,  were  placed  at  anv  distance,  and  left  in  the  same 
manner  at  liberty,  they  would  niU  towards  one  another,  with 
velocities  which  would  be  in  an  inverse  proportion  to  their  re* 
spective  quantities  of  matter;  moving  as  in  the  former  case  with 
an  accelerated  motion,  they  would  meet  in  a  point  as  much 
nearer  to  the  place  from  which  the  heavier  body  began  to  fall, 
than  to  the  place  from  which  the  lighter  began  to  fall,  as  the 
quantity  of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity  should  accelerate  the  descent  of  falling  bodies, 
is  an  effect  of  its  uniform  action  under  all  circumstances*  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  wilt 
have  acquired  a  velocity  sufficient  to  carry  it  through  two  miles 
the  next  minute,  although  it  received  no  new  impulse  from  gra- 
vity ;  but  as  this  accelerating  cause  remains,  it  adns  another  mile 
to  its  ctkci  in  the  first  minute,  and  therefore,  at  the  expiration  of 
two  minutes,  the  bod^  will  have  descended  through  (owt  miles. 

The  spaces  described  by  a  uniformly  accelerated  motion, 
are  always  as  the  odd  numbers,  I,  3,  5,  7,  &c.  and  conse* 
quently  the  whole  spaces  are  as  the  squares  of  the  times,  or  of 
tne  last  acquired  velocities;  for  the  continued  addition  of  the 
odd  numbers  yields  the  squares  of  all  numbers  from  unity 
upwards.  Thus  1  is  the  first  odd  number,  and  1  is  the  square 
of  one;  9,  the  next  number,  added  to  I,  makes  4,  which  is  the 
square  of  two;  5,  added  to  four  makes  9,  the  square  of  3,  and 
so  on.  The  times  and  velocities  proceeding  evenly  and  cxMi* 
stantly,  as  1,  8,  9,  4,  ftc.  and  tne  spaces  described  as  1,  S, 
5,  7,  &c.  it  follows  that  the  spaces  described 

In  1  minute  will  be 1,      which  is  the  sqnaie  of  I 

In  9  minutes  will  be  ...  .  1+3  s  4,        „  „  9 

In  3  minutes  will  be  •  .  1  +3+5  =  9,        „  9,  9 

In  4  minutes  will  be  1+3+5+7=16,        „  ^  4 
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Hence  it  is  apparent  that  the  spaces  described  in  difierent 
times  by  a  falling  body,  are  to  each  other  as  the  squares  of  the 
times  from  the  beginning  of  the  descent,  or,  whicn  produces  the 
«ame  result,  they  are  as  the  squares  of  the  velocities  acquired  at 
the  end  of  those  times. 

The  motion  of  a  falling  body  being  uniformly  accelerated 
by  gravity,  the  same  cause  uniformly  retards  the  motion  of  a 
bodj  thrown  directly  upwards.  A  body  projected  perpendicu- 
larly with  a  velocity  equal  to  that  which  it  would  have  acquired 
by  &lliog  from  any  height,  will  ascend  to  the  same  height 
before  it  loses  all  its  velocity. 

Gracitjf  and  weighty  it  ought  to  be  understood,  are  not 
interchangeable  terms.  Gravity  is  a  power  of  which  weight  is 
the  effect.  Gravity  has  a  ^constant  tendency  to  impress,  on 
every  particle  of  bodies,  a  certain  velocity,  which  would  cause 
them  to  fall  if  they  were  not  supported ;  weight  is  the  resistance 
necessary  to  destroy  this  velocity,  or  produce  this  support. 

When  the  many  and  wonderful  discoveries  which  signalize 
the  present  age  are  considered,  it  seems  presumptuous  to  mark 
the.DOundaries  of  success  to  human  inquiry ;  but  we  may  very 
safely  assert,  that  no  researches  have  ever  yet  been  made,  which 
enafaie  us  to  discover,  in  the  essential  properties  of  matter,  the 
cause  of  gravity.  Of  the  existence  of  such  a  power  we  are 
continually  surrounded  by  the  most  indubitable  proofs;  and. 
that  its  influence  extends  over  and  governs  the  solar  system, 
and  if  the  solar  system,  the  whole  material  universe,  there, 
seems  as  little  reason  to  deny.  Sir  Isaac  Newton  has  coi^jec- 
tured  that  matter  is  composed  of  indivisible,   perfectly  solid 

g articles  or  atoms,  a  the«>ry  that  has  been  explained  in  the 
rmer  part  of  this  subject;  but  if  the  ultimate  particles  of 
matter  be  perfectly  solid,  they  cannot  be  pervaded ;  if  thev  be 
incapable  of  wearing  or  separation,  they  can  throw  nothing 
off;  and  if  no  single  atom  can  receive  or  part  with  any  thing, 
how  can  it  act  at  all  distances  upon  every  other  portion  of 
matter  in  the  universe,  or  how  can  any  aggregation  of  atoma 
possess  a  power  incompatible  with  the  nature  of  its  component . 
parts?  Such  is  a  slight  view  of  the  ai^moit  on  this  subject; 
It  is  not  our  object  to  involve  the  reader  in  the  maaes  of  uselest 
theories,  though  we  may,  for  his  amusement,  and  the  aercise. 
of  his  jadgment,  occasionally  fflance  at  them  and  pass  on. 
In  various  branches  of  knowledge,  we  discover  abundant 
proofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effiscts  spring  from  the  inherent  properties, 
the  properties  originally  impressed  upon  tbinn  by  the  Creator; 
Imt  m  the  a})fence  of  the  secondaiy  cause  of  gravity,  or  ustil 
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ran  pnwe  it  Co  bp  drpmdnit  vpon  the  cneatial  propcftio  of 
RMttrr,  f^fsfjlj  shoakl  be  coosMJcfcd  as  a  term  expRssm^ 
merely  a  fact  or  phenooienoo ;  and  it  is  wise  to  refcr  tlie  cao«n 
of  it  at  once  to  the  Final  Cause  of  all  thines  and  to  rcysaid  il 
as  the  ^*  Finger  of  Goo,  the  cuostant  impression  of  Dinae 
power. 

Xepmhiom  is  the  last  propeiij  of  matter  which  we  hate 
ennraerated.     A  Tariet j  of  coDsideratioBs  inclnce  phtlosopben 
to  admit  that  there  b  a  sphere  of  repulsion  which  extends  ton 
smaU  distance  round  bodies,  and  pre¥ents  them  from  coming 
into  actual  contact  with  each  other,    except    some  force  is 
exerteil  to  overcome  this  resistance,  axid  then  the  attraction  of 
cohesion  takes  place.     Dr.  Knight  defines  lepnbaoo  lo  be  that 
cause  which  makes  bodies  mntuailj  endearour  to  recede  from 
each  other,  with  different  forces  at  diftrent  times;  and  that 
such  a  cause  exists  in  natme,  he  thinks  CThlent  for  the  follow- 
in^  renaoos:     1.  Becansc  all  bodies  aie  electrical,  or  capable  of 
bting  made  so;  and  it  is  well  known  that  electrical  bodies  both 
attract  and  repd.    2.  Both  attraction  and  repolsion  aie  Terj 
conspicuous  in  all  magnetical  bodies.    3.  Sir  I^ac  Newton  has 
shown  from  experiments,  that  the  sni  laces  of  two  convex  ^^fsKi 
repel  each  other.    4.  The  same  great  philoaopher  has  exphined 
the  elasticity  of  the  air  bj  supposing  its  particles  mutually  lo 
lepd  each  other.    5.  The  particles  of  light  are,  in  part  at  least, 
repelled  from  the  snriiuses  of  all  bodies.     6.   Lastly,  it  seems 
hiMj  probable  that  the  paitidcs  of  light  mutually  lepel  each 
other  as  well  as  the  particks  of  air.     The  Doctor  ascribes  the 
cause  of  repubion,  as  well  as  that  of  attraction,  to  the  imme* 
diate  efect  of  the  will  of  God;  and  as  attraction  and  repnUon 
are  contraries,  and  consequently  cannot  at  the  same  time  belong 
to  the  same  sobstanoe,  he  supposes  there  are  in  nature  two 
kinds  of  matter,  one  attracting,  the  other  repdling ;  and  thai 
those  particles  at  matter  which  lepel  each  other,  aie  subject  to 
the  jmieral  law  of  attraction  in  respect  of  other  matter.      A 
repellent  matter  being  thus  supposed  equally  dispersed  throngli 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  but  whether,  on  his  hypothesis,  all  tte 
particular  eflirts  of  repolsion  can  be  accounted  for,  tfaae  and 
experience  alone  must  determine. 

In  the  instance  which  has  already  been  adduced  of  the 
round  drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed 
not  only  that  there  exists  an  attractive  force  between  the  par* 
ticks  of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
npon  which  they  are  suspended.  That  the  drops  are  not  in 
actaal  contact  witb  the  leaf,  is  evident  from  their  roUiof  off  te 
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a  compact  body  with  the  greatest  ease;  as  well  as  from  their 
white  or  pearlj  appearance,  which  is  an  eflect  of  the  copions 
reflection  of  white  light  from  the  flattened  part  of  the  surface 
<:ootigiions  to  the  plant,  and  could  not  take  place  unless  there 
was  a  real  interval  between  the  under  side  of  the  drop  and  th^ 
surface  of  the  leaf.  The  power  of  repulsion  will,  in  certain 
cases,  cause  metals  to  swim  in  fluids  much  lighter  than  them- 
selves. A  fine  needle,  if  gentlj  laid  on  the  surface  of  water^ 
will  swim,  and  may  be  drawn  off  again  by  a  magnet,  without 
baying  in  reality  touched  the  flnid.  In  this  instance,  the  needle 
18  not  heavy  enough  to  overcome  the  power  of  repulsion  between 
itself  and  ttie  water,  the  attraction  of  cohesion  cannot  therefore 
operate,  and  though  as  much  heavier  than  its  own  bulk  of 
water  as  the  largest  piece  of  steel,  it  will  float  till  pressed  down 
by  a  greater  force  than  its  own  weight.  It  woula  appear  that 
from  the  same  cause,  flies  walk  upon  water,  and  oil  refuses  to 
mix  with  that  fluid.  Hence  the  feathers  of  water-fowl,  which 
are  covered  with  a  thin  coating  of  subtil  oil,  actually  repd  the 
nuTODnding  water. 

Of  Motion. 

No  definition  can  be  given  of  the  term  motion  which  will 
satisfy  the  casuist.  It  expresses  a  simple  idea,  and  cannot  be 
expliuned  by  words  more  simple  than  itself.  It  has  been  called 
••  a  change  of  place,"  or  the  act  by  which  a  body  corresponds 
with  different  parts  of  space  at  different  times ;  but  it  would 
require  great  ingenuity  to  prove  that  these  definitions  amount 
to  more  than  the  assertion  that  "  motion  is  motion."  Perhaps 
that  philosopher  answered  the  question  of  **  what  is  motion  ?" 
with  as  much  perspicuity  at  least  as  any  other,  who  began  to 
walk,  and  observed  to  his  inquirer  that  ^*  that  was  motion." 

It  is  by  motion  alone  that  we  know  the  existence  of  bodies, 
and  that  a  relation  is  established  between  them  and  our  senses. 
Nothing  can  be  produced  or  destroyed  without  motion,  and 
every  thing  that  happens  depends  upon  it. 

opace  being  notnmg  but  an  absolute  and  infinite  void,  the 
place  of  a  body  is  that  tart  of  the  immense  void  which  it  takes 
up  or  possesses ;  and  this  place  may  be  considered  absolutely  or 
in  itself,  in  which  ^^case  it  is  called  the  absolute  place  of  the 
body ;  or  else  with  temrd  to  the  place  of  some  other  body,  and 
then  it  is  called  the  relative  or  apparent  place  of  the  body.  As 
the  place  of  a  body  may  be  considered  absolutely  or  relatively, 
•o  may  the  motion  of  a  body  be  dbtinguished  in  like  manner. 
All  motion  is  in  itself  absolute,  or  the  change  of  absolute  space; 
iNit  wImii  the  -oMitbns  of  bodies  are  oonsimred  and  compared 
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IV Uh  each  other,  then  are  they  relative  and  apparent  only: 
they  are  relative,  as  they  are  compared  to  each  other;  and  they 
are  apparent  only,  insomuch  that  not  their  true  or  absolute 
motion,  but  the  sum  or  difference  of  the  motions  only  is  per- 
ceivable to  us.  Hence  the  absolute  and  relative  motions  of 
bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  velocity,  neither  of  them  will  appear  to  the 
oiher  to  move.  Hence  it  is,  that  though  the  earth  is  coi^inually 
revolving  about  its  axis,  and  advancing  in  its  orbit^  yet,  as  aU 
objects  on  its  surface  partake  of  the  same  common  motion,  they 
appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  same  moment,  in  the  same  diiec? 
tion^  but  one  of  them  sails  only  three  miles  wbile  the  other 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  viz* 
two  miles  per  hour,  will  alone  be  perceptible  to  a  spectator  in 
tiithex  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities ;  so  that  in  this 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other 
instances  it  fell  short  of  it.  The  reason  of  these  phenomena 
of  motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest,  if  we  would  discern  at  anoe  the  true  ur  real 
motions  of  bodies  about  us.  But  as  at  absolute  rest  we  can 
never  be,  from  the  motion  of  the  earth,  we  must  detect  the  real 
and  absolute  motions  of  bodies  in  general  by  means  of  obser* 
vations  made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  slone,  or  the  flight  of  an  arrow* 
But  besides  this,  there  is  another  kind  of  relative  motion, 
which,  thouffh  not  so  obvious,  is  not  less  common  or  import- 
ant. We  allude  to  the  motion  of  the  parts  of  bodies  amoi^ 
themselves,  which  though  sometimes  the  object  of  our  senses, 
yet,  in  other  cases,  we  require  the  aid  of  reflection  to  be  con« 
viaced  of  its  existence.  It  is  b v  this  imperceptible  motion 
that  plants  and  animals  grow,  ana  by  which  the  greatest  niim* 
ber  of  the  compositions  and  decompositions  of  the  globe  take 
place.  We  nuiy  form  some  idea  of  this,  by  observing  the 
continual  motion  of  tlie  light  particles  which  sonwtiiaes  float 
about  in  water,  when  it  is  held  in  the  rays  of  the  sua,  which 
proves  that  the  parts  of  the  water  are  in  constant  motion  among 
themselves.  Btit  if  we  reflect  a  little,  we  shall  discover  that  the 
particles  of  the  most  solid  substances  are  also  conttnnally 
changing  their  situations.    Heat  expands  and  cold  oontractf 
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(he  size  of  all  bodies;  and  as  we  know  from  experience,  that  the 
temperature  of  bodies  is  constantly  yarjing,  their  particles 
roust  consequently  be  in  continual  agitation,  in  order  to  adapt 
themselves  to  the  ever-changing  size  of  (he  body.  This  is  one 
of  the  causes  of  the  perpetual  moHon  of  the  particles  of 
matter;  but  there  are  no  doubt  an  infinite  number  of  other 
causes  which  escape  our  observation,  and  which  we  are  perhaps 
incapable  of  discovering.  The  gradual  changes  that  take  place 
in  all  bodies  during  a  series  of  years,  sufficiently  prove  that 
they  are  constantly  acting  on  each  other;  and  from  a  view  of 
all  that  we  know  on  this  subject,  we  are  compelled  to  conclude 
that  no  particle  of  matter  is  in  a  state  of  absolute  rest. 

In  considering  motion,  the  several  circumstances  attending 
flie  communication  of  it  from  one  body  to  another  may  be 
classed  as  follows : 

I.  The  force  which  impresses  the  motion. 

S.  The  quantity  of  matter  in  the  moving  body. 

3.  The  velocity  and  direction  of  the  motion. 

4.  The  space  passed  over  by  the  moving  body. 

5.  The  time  employed  in  going  over  this  space. 

6.  The  force  with  which  the  moving  body  strikes  another 
which  is  opposed  to  it. 

In  a  mechanical  sense,  the  inertia  of  every  body  causes  it  to 
resist  all  change  of  state.  If  at  rest  it  will  not  begm  to  move  of 
itself;  and  if  motion  is  communicated  to  it  by  another  body,  it 
will  continue  to  move  for  ever  uniformly,  except  it  be  stopped 
by  an  external  agent.  This  has  been  shown  in  treating  of  iner- 
tia.  The  causes  by  which  bodies  are  put  in  motion,  are  caHed 
motive  powersy  of  which  the  following  are  those  generally  used 
in  mechanics :  the  action  of  men  and  other  animals,  wind, 
water,  gravity,  the  pressure  of  the  atmosphere,  and  the 
elasticity  of  fluids  and  other  bodies. 

The  velocity  of  motion  is  estimated  by  the  time  employed  in 
moving  over  a  certain  space,  or  by  the  space  moved  over  in  a 
certain  time.  The  less  the  time,  and  tne  greater  the  space 
moved  over,  the  grater  of  course,  is  the  ydocity;  and,  con- 
yersely,  the  greater  the  time,  and  the  less  the  space  moved  over, 
the  less  is  the  velocity*.  As  no  motion  can  be  instantaneous, 
every  body  io  motion  must  have  a  determinate  velocity.  To 
ascertain  the  degree  of  this  swiftness  or  velocity,  the  space  run 
over  must  be  divided  by  the  time.  For  example,  suppose  a 
body  moves  over  1000  yards  in  ten  minutes,  its  velocity  is  100 
yards  per  minute,  because  100  is  the  quotient  of  1000  divided 
by  10.  If  we  would  compare  the  velocities  of  two  bodies,  A 
And  B,  of  which  A  moves  54  yards  in  9  minutes,  and  B  96 


284  MTOHANICS. 


Compound  motion. 


yarda  id  6  miDutes,  the  velocity  of  A  will  be  to  that  of  B  in 
the  proportion  of  6  to  16,  because  the  quotient  of  54  divided 
by  9,  is  6,  and  the  quotient  of  96  divided  by  6^  is  16. 

Tp  know  the  space  run  over,  the  velocity  must  be  multi* 
plied  by  the  time;  for  it  b  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  the 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal  times,  their  velocities  are  to  each  other  as  the 

Juotients  arising  from  dividing  the  spaces  run  over  by  the  times, 
f  two  bodies  move  over  unequal  spaces  in  the  same  time,  their 
velocities  will  be  in  proportion  to  the  spaces  passed  over. 
Again,  if  two  bodies  move  over  equal  spaces  in  unequal 
times,  then  their  respective  velocities  will  be  inversely  as  the 
time  employed;  that  is,  if  A  in  one  minute,  and  B  in 
two  minutes,  run  over  one  hundred  yards,  the  velocity  of  A 
will  be  to  that  of  B  as  two  to  one. 

A  body  in  motion  must  every  instant  tend  to  some  particn* 
lar  point.  It  may  either  always  be  to  the  same  point,  in  which 
f»8e  the  motion  will  be  rectilinear ;  or  it  may  be  continually 
changing  the  point  to  which  its  motion  is  directed,  and  this 
will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  only  by  one  force,  or  by  seveial 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts;  as  the  motion 
of  a  boat  which  a  man  draws  to  him  with  a  rope.  But  if 
several  powers,  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  them,  but  will  move 
in  a  direction  somewhere  between  them.  Thb  subject  may  be 
rendered  more  plain  b^  a  diagram,  and  the  illustration  of  it 
oucht  to  be  well  considered  by  the  young  mechanic.  Let  a 
body  \f  fig.  1,  pi.  I.  be  impelled  by  a  force  acting  on  it  in  the 
direction  ^C.  At  the  same  instant,  let  it  be  impelled  towards 
fi,  by  another  force  that  will  carry  it  direct  from  A  to  B  in  the 
same  time  that  the  former  force  would  carrv  it  from  A  to  C. 
Complete  the  parallelogram,  ACBD,  and  draw  the  diagonal 
AD,  and  this  line  will  represent  the  direction  and  distance  the 
body  will  move  in  the  same  time  when  acted  upon  bv  both  forces 
conjointly;  for  let  us  suppose  a  tube,  equal  to  A B  in  lengrth, 
in  which  a  ball,  A,  can  move  freely ;  and  that  in  the  same  time 
tbat  the  ball  is  moving  uniformlv  from  A  to  B,  the  tube  is  abo 
Vioviog  uniformly  fjom  A  to  C,  but  so  as  to  be  always  parallel  to 
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AB,  and  its  extremities  describing  the  lines  AC  to  BD.  Tfie 
ball  has  moved  from  A  to  B  in  the  tube,  in  the  same  time  that 
the  tube  has  descended  to  CD,  and  therefore  when  the  tube 
coincides  mih  the  line  CD,  the  ball  will  be  at  the  extremity, 
D,  of  that  Hue,  where  it  has  arrived  in  the  same  time  that  it 
would  have  taken  to  describe  either  side.  It  is  obvious  also, 
that  the  ball  thus  subjected  to  the  impulse  of  different  forces, 
can  have  described  no  other  line  than  the  diagonal  one;  for  by 
assuming  smaller  forces,  and  forming  the  parallelograms  A  efg^ 
Ahikf  &c.  it  will  be  found  at  every  interval,  in  the  diagonal 
of  the  parallelogram.  The  motions  along  AB,  AC,  may  he 
called  the  simple  or  constituent  motions ;  the  motion  along  AD 
is  called  the  compound  or  resulting  motion.  Hence  if  wc  know 
the  effect  which  the  joint  action  of  two  forces  have  upon  a 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  to 
find  that  of  the  other;  for  suppose  AD  to  be  the  direction  and 
force  with  which  the  body  moves,  and  A  B  to  be  one  of  the 
impelling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  and 
that  of  finding  two  or  more  forces  equivalent  to  one,  is  called 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle :  two  forces  acting  at  the  same  time  on  a  body,  in 
directions  which  arc  oblique  to  each  other,  dp  not  move  the 
body  by  that  part  of  their  force,  which,  on  account  of  their 
obliquity,  is  opposite  and  contrary,  but  by  what  remains  after  ~ 
the  opposite  forces  are  deducted. 

Instances  of  motion  produced  by  several  powers  acting  at 
the  same  time  are  innumerable,  and  the  application  of  this 
useful  principle  by  which  they  are  governed,  is  therefore  very 
extensive.  A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.  A  kite,  acted  upon  by  the  wind  and  the  string ;  the 
rain  and  snow  that  fall  more  or  less  obliquely  according  to  the 
action  of  the  wind,  are  other  instances  not  less  familiar.  A 
fish  by  striking  the  water  with  its  tail,  advances  forward  in  a 
mean  direction  between  the  two  impulses. — In  jumping  out  of 
a  carriage  in  motion,  accidents  frequently  occur,  and  the 
adventurer  falls  short  of  the  spot  he  aims  at,  for  want  of  duly 
considering  or  not  knowing,  that  the  lateral  impulse  be  gives 
himself  must,  in  a  ratio  proportionate  to  the  swiftness  or  the 
carriage,  be  greater  than  if  he  sprung  from  a  state  of  rest. 

Motion  is  said  to  be  acctlrrated  if  its  velocity  continnnlly 
Mcreases ;  and  it  is  said  to  be  uniformly  acceleraied^  if  iti 
rekx^ty  tiicreases  equally  in  equal  times. 
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M oCioD  is  said  to  be  reiardtd^  if  its  velocitj  oontintiallj 
dBcnmtB\  and  to  be  uniformly  retarded^  if  its  ydocity  ifecreaie 
eqoally  in  equal  times. 

If  .  a  bdAy  be  pat  in  motion  bj  a  sin^  impohe,  and, 
moving  oniformly ,  receive  a  new  impulse  in  toe  same  direction, 
its  velocity  will  be  aagmented,  and  with  that  augmentation  of 
velocity,  it  will  again  proceed  onifmrmly.  But  if  at  each 
instant  ci  its  motion  it  receives  a  new  impulse,  its  velocity  will 
be  oootinnally  increasing;  and  if  this  impulse  is  always  equal, 
and  acts  in  equal  times,  the  velocity  will  be  unitormly 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  given  to  a  body, 
and  it  loses  equal  portions  of  that  velocity,  at  each  equal 
instant,  by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  will  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  acceleiating  the 
descent  of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shown  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  io  il 
again,  we  shall  endeavour  to  exhibit  it  to  the  eye  as  well  as  the 
nndcntanding.  Let  the  perpendicular  line  AB,  of  the  ri^t- 
angled  triangle  ABC,  be  considered  as  expressing  the  time 
which  a  body  takes  in  falling,  under  the  influence  of  gravity  or 
anv  acceleiating  force,  and  the  base  line  BC,  as  expressing  the 
velocity  acqnir^  at  the  end  of  the  fiill.  The  time  expressed 
by  the  line  AB  is  divided  into  four  equal  parts  or  moments, 
A  r,  r  f ,  f  I,  IB.  The  close  parallel  lines  in  the  triangle  Ark^ 
repeated  at  equal  intervals,  ana  from  the  nature  of  the  triangle, 
regularly  increasing  in  length  as  they  recede  from  the  point  A, 
demote  equal  accelerations  of  the  velocity  from  the  instant  in 
which  the  body  begins  to  fall.  The  liner  A*,  therefore,  wiH 
represent  the  velocity  acquired  by  a  falling  body  in  the  first 
moment  of  time;  r/,  the  velocity  acquired  at  the  end  of  the 
second  moment  of  time;  Io,  the  velocity  at  the  end  of  the 
third  moment,  and  BC  the  velocity  at  the  expimtion  of  the 
fimrth  moment,  or  termination  of  tlie  fall. 

The  body,  during  the  second  moment  of  time,  if  retaining 
only  the  vdocity  r  ^  which  it  had  acquired  at  the  end  of  the 
iiit,  will  describe  the  souare  snrfiioe  rksfn\  for  this  surfiice  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  k^ 
dnring  the  time  expressed  bj  r$;  as  the  area  of  the  triangle 


ark  J  is  described  by  a  uniformly  increasing  velocity  during 
the  time  A  r.  But  the  area  of  the  square  is  manifestly  donbfe 
the  area  of  the  triangle  above  it ;  whence  it  appears,  that  a 
body  moving  on,  dnring  the  second  momenty  vrith  the  velocity 
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acquired  at  Ibe  ead  of  the  first,  i¥ill  fall  twice  as  far  in  the 
«econd  moment  as  in  the  firet;  and  the  rule  deducible  from  this 
instance  will  universally  bold,  that  is,  the  yelocitj  acquiied  at 
the  end  of  any  given  time,  will  carry  the  body  twice  as  far  in 
the  same  time*  In  pursuing  the  illustration  of  the  figure,  this 
will  still  further  appear* 

If  the  velocity  continue  to  increase  uniformly  daring  the 
second  moment,  then  the  space  will  be  as  expressed  by  the  area 
rslk^  and  will  be  equal  to  three  times  the  triangle  A.r.h 

The  whok  space  described  by  the  body  in  the  two  first 
moments  will  be  as  the  area  A  «/,  which  is  four  times  greater 
than  that  of  krk;  rendering  it  apparent  that  the  space 
described  by  a  body  in  its  fall,  is  as  the  square  of  the  time  ia 
which  it  fiilb ;  for  here  the  time  is  2,  (bemuse  A  s  expresses 
two  moments  of  the  descent,)  and  the  square  of  two  is  4. 

In  the  third  moment,  were  the  body  to  fall  with  the  vekicity 
I  /,  during  the  time  $  /,  the  space  aescribed  will  be  as  the 
rectangle  under  the  time  and  vdocity,  that  is,  as  the  rectaiigu« 
lar  space  sltn^  on  which  rectangk  may  be  described  fonr 
triangles,'  each  equal  to  Ark;  but  as  the  velocity  is  still 
uniformly  accekrated  by  the  continued  action  of  gravity,  the 
space  fallen  through  in  the  time  $  ty  or  third  moflsent,  will  be 
as  the  area  stol^  ot  five  times  as  great  m  Ark. 

As  the  triangles  ArA;,  Asl^AiOy  ABC,  are  all  similar;  as 
A  5  is  twice  as  much  as  A  r^  s  /  will  be  twice  as  much  as  r  k; 
and  as  A 1  expresses  the  time,  and  #  /  the  velocity,  where  the 
time  is  double  the  velocity  is  double.  This  rule  applies  to 
every  part  of  the  descent,  aad  proves  that  the  velocity  is  as 
the  time. 

If  the  spaces  described  in  each  noment  be  considered 
separately,  the  space  in  the  first  moment  being  i,  the  space  io 
the  second  moment,  it  will  be  obvious  to  inspection  is  3,  in  the 
third  5,  in  the  fourth  7,  the  difierence  each  time  being  2. 

The  motion  of  a  body  ascendiae  from  B  to  A,  and  tbevefore 
uniformly  retarded  by  the  action  m  gravity,  may  be  illustrated 
by  the  same  f^ure,  if  we  change  only  a  few  of  the  terms  of 
explanation ;  thus  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horiaontal  line  compared  with  tlw 
base,  as  I  o,  #  /,  rkj  will  show  the  vekx^ity  lost  at  the  heighl 
at  which  it  is  drawn. 

It  is  to  be  understood,  that  the  velocity  above  assigttcd  to 
falling  bodies,  is  that  which  they  woidd  acquire  if  they  passed 
through  a  space  where  there  was  no  air;  but  in  iact  the  resist* 
ance  of  that  fluid  conaidembly  diminishes  the  velocity  acquired 
in  fidliag,  avoa  when  the  bodyi  bam  its  density,  is  of  a  kind 
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least  affected  by  its  action.  A  leaden  bullet  dropt  from  an 
aititiide  of  two  hundred  and  8eventy4wo  feet,  was  found  by 
Dr.  Desa^ulien  to  reach  the  ground  in  four  seconds  and  a  halt^ 
ill  which  time,  from  theory,  it  should  have  descended  through 
325.6  ft*et,  which  makes  a  difference  of  about  one-fifth  of  the 
actual  descent  Ijetween  the  experiment  and  the  theory. 

It  has  already  beem  shown  that  if  two  forces  act  uniformly 
upon  a  boriy,  they  will  cause  it  to  move  in  a  straight  line;  but 
if  one  of  the  forces,  is  not  uniform,  but  either  accelerating  or 
letardins:,  the  moving  body  will  describe  a  curve.  A  ball 
projected  from  a  cannon  would  always  proceed  in  a  right  line, 
if  it  were  acted  upon  by  no  force  except  the  impulse  it  received 
from  the  powder;  but  as  soon  as  it  leaves  the  mouth  of  the 
cannon,  gravity  acts  upon  it,  and  changes  its  direction.  The 
ball,  ac(^  upon  only  by  gravity  and  the  original  impulse, 
describes  a  peculiar  curve,  called  a  parabola ;  but  as  the  resist* 
ance  of  the  air  also  contributes  to  the  variation  of  the  line 
described,  and  this  resistance  differs  with  the  velocity  of  the 
bail,  its  path  is  not  exactly  determinable.  In  some  cases,  the 
resistance  amounts  to  more  than  twenty  times  the  weight  of  the 
ball ;  and  when  a  ball  moves  with  a  velocity  of  two  thousand 
feet  per  second,  the  amount  of  this  resistance  has  been  found 
to  be  one  hundred  times  its  weight.  Hence  the  parabolic  theory 
of  projectiles  is  inapplicable  to  practice.  Sir  Isaac  Newton 
has,  indeed,  shown  that  the  curve  described  by  a  projectile 
approaches  more  nearly  to  an  hyperbola  than  a  paimbola ;  and 
.  that  the  resistance  to  the  bod v  is  not  proportional  to  the  vdocity 
itself,  but  to  the  square  of  the  velocity.  About  two  hundred 
years  ago,  philosophers  took  the  line  described  by  a  body  pnH 
jected  horizontally,  such  as  a  ball  out  of  a  gun,  while  the  iorce 
of  the  powder  greati  v  exceeded  the  weight  of  the  bullet,  to  be  a 
right  line,  after  which  they  allowed  it  became  a  curve.  Nicho* 
las  TartagUa  was  the  first  who  maintained  that  its  path  was  a 
curve  through  the  whole  of  its  extent ;  but  it  was  Mlileo  who 
determined  the  curve  to  be  a  parabola  in  a  non-resisting  medium. 

The  force  with  which  a  body  moves,  or  which  it  would 
exert  upon  another  body  opposed  to  it,  (force  being  constantly 
measured  by  its  efiects,)  is  always  in  proportion  to  its  velocity 
multiplied  by  its  weight  or  quantity  of  mailer.  This  force  is 
callea  the  momentum  of  the  body.  If  two  equal  bodies  move 
with  difibrent  velocities,  their  forces  or  momenta  are  as  their 
velocities;  and  if  two  bodies  move  with  the  same  vefecity, 
their  momenta  are  as  their  quantities  of  matter;  therefore,  in 
all  cases,  their  momenta  must  be  as  the  products  of  their  qnan*^ 
titiesof  matter  and  their  tdooities.  This  nde  is^ the  fouiidbaoi^ 
of  mechanics. 
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Imxds  of  Motion, 
A  summary  of  the  doctrine  of  motion  has  been  reduced  to 
three  axioms,  which  are  usually  called  the  laws  of  motion,  and 
are  as  follow : 

I.  AU  bodies  are  perfectly  indifferent  to  motion  and  rest,  that 
is,  they  are  incapable  when  at  rest  of  moving,  and  when  in 
motion  of  stopping,  without  the  action  of  an  external  cause. 

II.  The  alteration  of  the  state  of  any  body,  whether  from 
rest  to  motion,  or  from  one  degree  of  motion  to  another,  is 
always  proportional  to  the  force  which  is  impressed,  and  in  the 
direction  of  that  force. 

III.  Redaction  is  always  equal  to  action;  or,  in  other 
words,  the  actions  of  two  bodies  on  each  other  are  always 
equal,  and  exerted  in  opposite  directions. 

The  proofs  of  the  nrbt  and  second  of  these  laws  have  been 
shown  in  the  preceding  sections,  from  which  they  are  obviously 
deducible.  The  last  is  not  so  clearly  implied ;  though  as  easily 
admitted  to  be  true  on  a  little  consideration.  That  any  body 
acting  upon  another  loses  as  much  force  as  it  communicates, 
will  ht  evident,  if  with  a  bullet  suspended  from  a  string  we  strike 
another  bullet  which  is  at  rest,  in  which  case  the  striking  body 
will  lose  half  its  quantity  of  motion,  and  what  it  loses  will  bo 
communicated  to  the  other  body.  If  the  finger  be  pressed  upon 
one  scale  of  a  balance,  to  counterpoise  a  weight  in  the  other 
scale,  the  scale  pressed  by  the  finger  acts  against  the  finger  with 
a  force  equal  to  that  with  which  the  other  scale  endeavours  to 
descend.  A  great  variety  of  facts  might,  be  adduced  to  the 
same  purpose.  If  a  man  in  a  boat  draws  another  boat  to  him,  bv 
means  of  a  rope,  the  two  boats  will  approach  each  other  with 
equal  craantittes  of  motion.  When  a  load  is  drawn  by  a  horse, 
the  load  re-acts  against  the  motion  of  the  horse,  and  the  progres- 
sion of  the  animal  is  as  much  impeded  by  the  load,  as  the  mo» 
lion  of  the  load  is  promoted  by  the  efforts  of  the  horse;  and  sup* 
pose  the  animal  to  possess  a  force  e<|ual  to  one  bundled,  and  tne 
force  necessary  to  keep  Uie  traces  tight  be  equal  to  fifty,  it  will 
only  be  able  to  draw  with  the  remaining  force  of  fifty.  W  hen  a 
cannon  is  discharged,  the  rarefied  powder  presses  it  backwards 
and  the  ball  forwards  with  equal  force,  though  the  velocities  are 
▼ery  diflferent.  If  the  ball  weighs  lOlbs.  and  the  cannon  and 
carriage  10,0001bs.  the  velocity  of  the  ball  will  be  a  thousand 
times  greater  than  that  of  the  cannon,  but  the  quantity  of 
motion  equal.  The  water  by  its  redaction,  communicates  to 
the  oar  as  much  motion  as  it  receives,  and  therefore  impels  tbtf 
boat  I  fishes  swim  and  birds  fly  upon  the  same  principle. 

13.  Vol.  I.  2  P 
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Of  Central  Forces. 

All  moYing  bodies  endeavour  to  obtain  a  rectilinear  motion, 
because  it  is  the  shortest  and  most  simple ;  whenever,  therefore, 
they  move  in  a  curve,  there  must  w  something  that  draws 
them  from  their  rectilinear  motion,  consequently  we  may  be 
certain  they  are  acted  upon  by  two  oowers  at  the  least,  and 
were  the  detaining  power  to  cease,  the  moving  body  would 
instantly  fly  off  in  a  straight  line. 

That  force  by  which  a  body  describing  a  curve  endeavours 
to  fly  off  in  a  straight  line,  is  called  the  centrifugal  force;  and 
the  opposite  force,  or  that  by  which  a  body  is  eveiy-wbere 
impelled,  or  in  any  manner  tends  towards  some  point  as  a 
centre,  is  called  the  cenirivdal  force.  If  a  ballet  fastened  to  a 
string  held  in  the  hand  oe  whirled  ronnd,  and  the  string  be 
broken  or  let  loose,  the  buUet  immediately  flies  off  in  a  tangent 
to  the  circle  it  was  previously  describing;  in  this  case,  the 
string  represents  the  centripetal  force^  and  the  power  it  has 
acquired  to  fljp  off,  is  the  centrifugal  one. 

The  centrifugal  and  centripetal  forces  are  called  together 
central  forces. 

Of  the  Centre  of  Gravity. 

In  every  body,  there  is  a  certain  point,  called  the  centre  of 
graoitt/^  the  nature  and  properties  of  which  require  our 
attention,  before  we  be^^in  to  treat  of  the  mechanical  powen. 

The  centre  of  gramty  is  that  point  in  a  body,  afaoat  which 
all  its  parts  exactly  bahmce  each  other  in  every  position. 

If  a  IxKiy  be  suspended  or  supported  by  the  centre  of 
gravity,  it  wdl  remain  at  rest  in  any  position  indififerently ;  and 
whatever  supports  this  point  bears  the  whole  weight  of  the  body, 
which,  while  so  supported,  cannot  fall.  The  whole  weight  of 
a  body  may  therefore  be  considered  as  centred  in  this  point ; 
and  mathematicians,  by  the  place  of  a  body,  ofien  mean  that 
point  wheie  the  centre  of  gravity  is  situated.  A  body  sus- 
pended by  any  other  point,  can  rest  only  in  two  positions,  viz. 
when  the  centre  in  question  is  either  exactly  above  or  below  the 
point  of  suspension. 

To  balance  a  stick  which  is  of  equal  thickness  throughout 
across  a  finger,  or  any  other  narrow  sup|;x>rt,  every  child 
knows  that  he  has  only  to  find  the  middle  of  it;  to  balance  one 
which  is  thicker  at  one  end  than  the  other,  he  knows  that  he 
must  place  the  support  nearer  the  extremity  of  the  heavv  end 
than  tne  other,  and  that  the  difference  of  length  on  each  side 
of  the  balancing  jpoint  must  be  proportionate  to  the  diflferenco 
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in  tbe  weight  of  the  two  ends.  On  the  same  principle,  the 
common  centre  of  gravity  of  two  bodies,  is  just  midway 
between  them,  but  when  the  two  bodies  are  unequal,  it  is 
nearer  the  greater  body  in  proportion  as  it  is  greater  than  the 
other;  or  the  distances  from  the  centre  are  inversely  as  tbe 
weights  of  the  bodies*  Let  A,  fig.  3,  be  greater  than  B ;  join 
AB,  upon  which  take  the  point  C,  so  that  CA:  GB::  B:  A, 
that  is,  if  the  weight  of  A  be  multiplied  by  the  distance  AC, 
and  tbe  product  oe  the  same  as  that  of  the  weight  of  B  multi- 
plied by  the  distance  BC,  then  C  is  the  centre  of  gravity  of  the 
two  bodies  A  and  B.  If  the  common  centre  of  gravity  of  three 
bodies  be  required,  first  find  C,  the  centre  of  gravity  of  A  and 
B ;  and  supposing  a  body  to  be  placed  there  equal  to  the  sum 
of  A  and  6,  find  G,  the  common  centre  of  gravity  of  it  and 
D;  then  will  6  be  the  common  centre  of  gravity  of  the  three 
bodies  A,  B,  and  D.  In  a  similar  manner  the  centre  of  gravity 
of  any  number  of  bodies  may  be  determined. 

As  gravity  always  acts  in  a  direction  perpendicular  to  the 
horizon,  and  as  if  the  whole  weight  of  a  boay  were  collected  in 
the  centre  of  gravity,  this  point  always  endeavours  to  descend 
in  a  vertical  line,  and  with  a  force  equal  to  the  body's  weight. 
Hence  a  vertical  line  passing  through  the  body's  centre  of 
^vity,  is  called  the  line  of  direction.  While  the  line  of  direc- 
tion fiills  within  the  base  upon  which  a  body  stands,  the  body 
cannot  descend,  bat  if  it  rail  without  the  base,  the  body  will 
Ail.  Thus  the  inclining  body  ABCD,  fig.  4,  pi.  I.  whose 
centre  of  gravity  is  E,  stands  firmly  on  its  base  CD,  because 
the  line  of  direction,  EF,  falls  within  the  base.  But  if  we 
attempt  to  set  up  a  longer  body,  GHIK,  fig.  5,  with  the  same 
inclination,  the  centre  of  gravity  L  will  be  more  elevated,  and 
the  line  of  direction  LM  tallingwithout  the  base,  it  will  drop 
the  instant  it  is  left  to  itself,  xhe  same  eflfect  would  be  pro- 
duced by  placing  a  sufficient  weight  on  the  top  of  the  former 
body,  fig.  4,  for  every  such  addition  of  weight  would  rai«<e  the 
centre  of  gravity,  and  therefore  the  weight  would  be  sufficient 
to  cause  the  fall  of  the  body,  the  moment  it  was  high  enough  to 
cause  the  line  of  direction  to  fall  without  the  base  as  shown  by 
fig.  5. 

From  the  preceding  observations,  we  may  deduce  the 
dan^r  and  absurdity  of  people's  rising  in  a  boat  or  other 
vehicle  which  is  likely  to  be  overset,  for  by  that  means  they 
raise  the  centre  of  gravity,  and  a  swing  which  would  not  have 
been  attended  with  the  least  hazard  while  they  were  sitting,  will 
then  throw  the  line  of  direction  beyond  the  base,  and  thus 
raider  their  being  ovenet  inevitable*    If^  instead  of  rising  the 
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people  hod  crouched  as  low  as  possible,  manj  a  boat's  party 
would  have  saved  Iherosdves. 

As  the  broader  the  base,  and  the  nearer  the  line  of  direction 
is  to  the  middle  of  it,  the  more  firmlj  does  the  body  stand ;  so, 
on  the  contrary,  the  narrower  the  base,  and  the  nearer  the  line 
of  direction  is  to  the  side  of  it,  the  more  easily  may  the  body 
be  overthrown,  because  a  less  chan^  of  position  is  sufficient  to 
remove  the  line  of  direction  out  of  the  base,  and  a  less  foroe  is 
required  to  effect  that  change  of  position.  It  is  for  this  reason 
that  a  sphere  is  so  easily  rolled  upon  a  horizontal  plane,  and 
that  it  is  so  difficult  to  make  any  body  stand  upright  on  a 
point. 

YariouB  contrivances  have  been  executed,  taking  their  rise 
from  the  principle,  that  the  centre  of  gravity  alwajrs  tends  to 
tiie  lowest  place  possible,  as  the  manner  of  suspending  the 
marine  barometer,  compasses,  &c.  An  experiment  frequently 
shown  by  lecturers  on  natural  philosophy,  in  illustration  of  the 
principle,  is  that  made  with  a  double  cone,  which  appears  to 
roll  up  two  inclined  planes,  forming  an  angle  with  each  other, 
and  lying  in  the  same  plane.  In  this  case,  the  double  cone 
actually  sinks  as  it  advances,  and  by  that  means  the  centre  of 
gravity  keeps  continoally  descending.  It  is  necessary  to  this 
efl^t,  that  the  height  of  the  planes  be  less  than  the  radios  of 
the  base  of  the  cone.  If  the  height  be  equal  to  the  radius,  the 
body  will  rest  in  any  part  of  the  plane ;  if  the  height  be  greater 
than  the  radius  it  will  descend.    The  two  rules  A B,  CD,  %• 

6.  pi.  I.  are  united  by  a  hinge  CA.  The  lower  sides  are 
straight ;  on  the  upper  sides,  one  end  is  wider  than  the  other, 
so  timt  when  opened  they  form  two  inclined  planes.  If  a  double 
cone,  £F,  be  placed  near  the  hinge,  it  will  roll  towards  Uie 
upper  end  of  the  planes,  and  thus  apparently  ascend;  but  in 
reality  it  is  let  down,  because  as  the  rules  widen,  the  cone 
touches  them  in  parts  nearer  and  nearer  the  apex  on  each  side. 

When  the  line  of  direction  of  a  body  upon  an  inclined  plane 
fiills  within  the  base,  the  body  will  slide  down  the  plane;  bat 
it  will  roll  down,  if  the  friction  of  the  surfaces  be  sufficient, 
when  that  line  falls  without  the  base.    Thus  the  body  C,  fiff. 

7,  will  only  slide  down  the  inclined  plane  AB;  but  the  body 
D  will  roll  down  the  same  surfiu^.  A  sphere  would  descend 
upon  an  inclined  plane  without  rolling,  if  there  were  no  fric- 
tion, which  is  the  only  cause  of  its  rotation. 

When  a  man  is  standing*,  the  line  of  duection  panes 
between  his  feet ;  when  he  walks,  most  of  the  motion  is  to 
preserve  this  line  in  the  same  position.  The  various  methoda 
and  postons  which  we  instinctively  use  to  letain  or  to  leoover 
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that  position  of  the  line  of  direction  which  ensures  our  stability, 
might  affoid  matter  for  curious  reflection.  We  bend  our  body 
forward  when  we  rise  from  a  chair,  or  go  up  stairs;  and  in 
carrying  a  load,  we  always  lean  from  it.  Thus  a  man  leans 
forward  when  he  carries  a  burden  on  his  back;  backward,  when 
he  carries  a  burden  on  his  breast ;  and  to  the  right  or  left 
according  to  the  situation  of  bis  load.  The  purpose  of  all 
these  cl^ges,  is  to  make  the  line  of  directbn  fall  between 
his  feet. 

If  a  body  be  suspended  freely  from  different  centres,  its 
centre  of  gravity  will  be  in  the  intersection  formed  by  lines 
drawn  from  those  centres  perpendicular  to  the  horizon.  Hence 
we  obtain  an  easy  practical  method  of  finding  the  centre  of 
gravity  of  any  irr^ular  plane  figure :  suspend  it  by  any  point 
with  the  plane  perpendicular  to  the  horizon ;  from  the  pomt  of 
suspension  hang  a  plumb-line,  and  draw  a  line  upon  tne  body 
where  the  string  passes  over.  Do  the  same  for  any  other  point 
of  suspension,  and  where  the  two  lines  meet  must  be  the  centre 
of  gmvity.  For  example,  supposing  AB,  fig.  8,  pi.  I,  to  be 
the  body  of  which  the  centre  of  gravity  is  to  be  found.  Sus* 
pend  it  in  the  first  instance  from  any  point,  as  D,  so  that  it  may 
move  fredy  on  that  part :  let  a  plumb-line  han^  from  the  pio 
on  which  it  is  suspended,  and  mark  correctly  the  direction  of 
the  plumb-line  on  the  body.  Then  suspend  the  body  by 
another  part,  as  F,  and  use  the  plumb-line  as  bejEbre.  The  line 
last  drawn  will  intersect  the  first  line  DE  in  C,  which  is  the 
centre  of  gravity. 

Of  the  Mechanical  Powers. 

The  simple  machines,  of  a  combination  of  two  or  more  of 
which  all  complex  engines  must  consist,  are  called,  by  way  of 
distinction,  the  Mechanical  Powers.  They  are  six  in  nnmber, 
vis.  the  LBVEB,  the  puliiBT,  the  wheel  and  axle,  the  in- 
clined PLANE,  the  WEDGE,  aud  the  screw.  Some  authors 
are  of  opinion  that  we  ought  only  to  reckon  two  simple 
machines,  the  kver  and  the  inclined  pUme ;  for  the  pulley  and 
the  wheel  and  axle  may  be  considered  as  compound  levers,  and 
the  wedge  and  the  screw  are  only  modifications  of  the  inclined 
plane;  bat  as  this  enumeration  is  not  in  general  use,  and  as  it 
IS  in  fkct  calculated  rather  to  confuse  than  to  simplify  the  sub* 
ject,  we  shall  pass  it  by. 

ff  the  abilities  of  man  were  limited  by  the  extent  of  his 
natural  strength,  small  indeed  wonld  be  ms  knowledge  of  tha 
works  of  nature,  and  few  the  lefinenienls  and  consferts  of  civt« 
lised  aocietj.    We  can  hardly  look  vpon  any  pBodaction  of  ait 
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which  could  have  been  obtained  without  the  aid  of  mechanical 
contrivances.  Hence  we  maj  conclude  that  the  construction  of 
machines  must  have  been  long  antecedent  to  a  knowledge  of  the 
theoiy  upon  which  their  principles  depend.  The  remains  of 
JSgyptian  architecture  exnibit  the  roost  surprising  marks  of 
mecnanical  genius.  The  stones  laid  upon  the  tops  of  the  pyra« 
mids  of  Eeypt,  are  each  of  them  equal  in  size  to  a  small  house. 
The  elevation  of  such  immense  and  ponderous  masses,  to  the 
tops  of  these  and  other  stupendous  fabrics,  must  have  required 
an  accumulation  of  mechanical  power,  which  the  architect  of 
the  present  day  cannot  regard  without  astonishment. 

in  establishing  the  theory  of  the  science  of  mechanics,  some 
assumptions  are  made  and  t^iken  for  granted,  though  not  strictly 
true,  and  when  the  theory  has  been  explained,  the  proper 
allowances  are  made.  The  assumptions  alluded  to,  are  com- 
monly called  postulata,  and  are  principally  the  four  following : 

1.  That  a  small  portion  of  the  surface  of  the  earth,  although 
in  reftli|y  convex,  may  be  considered  as  a  plane. 

S.  That  heavy  bodies  descend  in  lines  parallel  to  each  other ; 
for  though  all  bodies  tend  towards  the  centre  of  the  earth,  yet 
the  distance  from  which  they  fall  is  so  inconsiderable,  when 
compared  with  their  distance  from  the  centre  of  the  earth,  that 
their  inclination  is  very  trifling. 

3.  That  the  eflfort  of  any  given  power  or  weight,  is  the  same 
in  all  points  of  its  direction ;  or  if  a  body  be  acted  upon  by 
any  power  in  a  given  direction,  the  action  will  be  the  same,  in 
whatever  part  of  that  direction  it  be  applied. 

4.  That  though  all  surfaces  are  more  or  less  rough,  and  all 
machines  imperfect,  yet  we  must  suppose  all  planes  to  be  per- 
fectly even ;  all  surfaces  guite  smooth ;  all  levers  straight  and 
inflexible,  and  without  thickness  and  weight;  all  cords  perfectly 
pliable,  and  all  machines  without  friction  and  inertia. 

Three  things  are  always  to  be  considered  in  treating  of 
mechanical  engines ;  a  wei^hi  to  be  raised ;  the  power  by  which 
it  is  to  be  raised;  and  the  mstrument  or  engine  by  which  that 
power  acts  upon  the  weight. 

The  artince  in  all  mechanical  contrivances  is,  to  distribute 
the  weight  among  such  a  number  of  agents,  that  the  part  sus- 
tained by  the  power  may  bear  only  a  small  proportion  of  the 
whole. 

In  calculating  the  power  of  a  machine,  it  is  usually  con- 
sidered in  a  state  of  equilibrium;  that  is,  in  the  state  when  the 
Eirer  which  has  to  overcome  the  resistance,  just  balances  it. 
ring  discoTtfcd  how  much  power  will  be  requisite  for  this 
purpose,  it  wiU  tbc&  be  wcesniy  to  add  so  much  more  as 
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^overcome  the  friction  and  weight  of  the  machine  itself,  and 
give  the  necessary  velocity. 

Op  thb  Lever. 

The  lever  is  of  all  machines  the  most  simple;  it  is  merely  a 
bar  of  iron,  of  wood,  or  any  solid  material,  by  means  of 
which  a  certain  force,  when  one  part  of  it  rests  against  a  ful- 
crum or  prop,  is  capable  of  overcoming  or  resisting  a  greater 
force. 

In  the  lever  there  are  three  circumstances  to  be  particularly 
noticed:  1.  The  fulcrum  or  prop  by  which  it  is  supported,  or 
on  which  it  turns  as  an  axis  or  centre  of  motion.  S.  The 
power  to  raise  and  support  the  weight.  3.  The  resistance  or 
weight  to  be  raised  or  sustained. 

The  points  of  suspension  are  those  points  where  the  weights 
really  are,  or  from  which  they  hang  freely. 

The  power  and  the  wei«rht  are  always  supposed  to  act  at 
right  angles  to  the  lever,  unless  it  be  otherwise  expressed. 

The  lever  is  distinguished  into  three  sorts,  according  to  the 
different  situations  of  the  fulcrum  or  prop,  and  the  power,  with 
respect  to  each  other. 

The  lever  is  of  the  first  order,  when  the  fulcrum  or  prop  is 
placed  between  the  power  and  the  weight : 

The  lever  is  of  the  second  order,  when  the  prop  is  at  one 
end,  the  power  at  the  other,  and  the  weight  between  them. 

The  lever  is  of  the  third  order,  when  the  power  is  applied 
between  the  weight  or  resistance  and  the  fulcrum. 

The  greater  number  of  instruments  in  general  use  are  levers 
of  one  kind  or  other.  A  poker,  in  stirring  a  fire,  is  a  lever  of 
the  first  order;  the  bar  of  the  grate  upon  which  it  rests  is  the 
fulcrum ;  the  fire,  the  weight  or  resistance  to  be  overcome ;  and 
the  hand  is  the  power.  Of  this  kind  of  lever,  are  constructed 
balances,  steelyards,  scissars,  pincers,  snui^s,  &c.  The 
instrument  commonly  called  the  iron-crow,  by  which  large 
stones  are  loosened,  and  great  weights  raised  to  small  heights, 
in  order  to  get  ropes  under  them,  for  raising  them  still  higher, 
IS  also  a  lever  of  the  first  kind.  AB,  fig.  9.  pi.  I,  represents 
this  lever,  in  which  C  is  the  fulcrum,  A  the  end  at  which  the 
power  is  applied,  and  B  the  end  where  the  weight  acts.  The 
parts  AC  and  CB,  on  the  right  and  left  of  the  fulcrum,  are 
called  the  arms  of  the  lever.  To  find  when  an  equilibrium 
will  take  place  between  the  power  and  the  weight,  we  must 
recur  to  wnat  was  formerly  premised  respecting  the  momenta 
of  bodies,  viz.  that  their  momenta  are  always  as  the  products  of 
their  quantities  of  matter  multiplied  by  their  velocities;  and 
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therefore  that  the  momentum  of  a  small  body  urill  be  equal  to 
that  of  a  large  one,  if  its  velocity  or  the  space  it  passes  through, 
be  such  as  to  make  their  respective  products  equal.  Now  let 
us  consider  when  this  equilibrium  will  take  place  in  the  lever. 
Suppose  the  lever,  AB,  fig.  10,  to  betumed  on  itsaxisor  ful« 
crum,  so  as  to  come  into  the  situation  DC ;  as  the  end  D  is  at 
the  greatest  distance  from  the  centre  of  motion,  and  as  it  has 
moved  through  the  arch  AD  in  the  same  time  that  the  end  B 
moved  through  the  arch  BC,  it  is  evident  that  the  velocity  of 
the  end  A  must  have  been  greater  than  that  of  B,  and  for  this 
reason  it  requires  less  weight  or  quantity  of  matter  to  produce 
an  equilibrium  than  B. 

Let  us  now  ascertain  how  much  more  weight  B  wUl  require 
than  A  to  balance.  As  the  radii*  of  circles  are  in  proportion 
to  their  circumferences,  they  are  also  proportionate  to  similar 
parts  of  them ;  therefore  as  the  arches  AD,  CB  are  similar, 
that  is,  are  both  equal  portions  of  the  circles  to  which  they  re- 
spectively belong,  the  radius  or  arm  D£,  bears  the  same 
proportion  to  EC,  that  the  arch  AD  bears  to  CB.  But  the 
arches  AD  and  CB  represent  the  velocities  of  the  end  of  the 
lever,  because  they  are  the  spaces  which  they  moved  over  in 
the  same  time;  therefore  the  arms  DE  and  £u  may  also  repre* 
sent  these  velocities. 

It  is  evident,  then,  that  an  equilibrium  will  take  place,  when 
the  length  of  the  arm  AE  multiplied  into  the  power  at  A,  shaU 
equal  EB  multiplied  into  the  weight  at  B;  and  consequently^ 
that  the  shorter  £B  is,  the  fteator  must  be  the  weight  at  B  to 
produce  the  balance;  that  is,  the  power  and  the  weirfat  must  be 
to  each  other  inversely  as  their  distances  from  ine  ftilcrum. 
Thus  supposing  AE,  the  distance  of  the  power  from  the 
fulcrum,  to  be  twenty  inches;  and  EB,  the  distance  of  the 
weight  nom  the  fulcrum,  to  be  eight  inches;  and  the  weight  to 
be  raised  at  B  to  be  five  pounds;  then  the  power  to  be  applied 
at  A  must  be  two  pounds ;  because  the  distance  of  the  weight 
fiom  the  fulcrum,  viz*  eight,  when  multiplied  into  the  weight 
five,  makes  forty;  therefore  twenty,  the  distance  of  the  power 
from  Uie  prop,  must  be  multipliecl  bv  two  to  get  an  equal  pro- 
duct, which  will  produce  an  eqailibnum. 

It  it  obvious,  that  while  the  distance  of  the  power  from  the 
prop  exceeds  that  of  the  weight  from  the  prop,  a  power  less 
than  the  weight  will  raise  it,  so  that  then  the  lever  aflfords  a 


*  Tbft  ndiai  of  i  dfde  is  a  line  procoediog  directly  from  tbe  centre  to  the 
drcimfereflce. 
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mecbaoical  adyantue.  But  when  the  distance  of  the  power 
is  less  than  tliat  of  tne  weight  from  the  prop,  the  power  mast 
be  greater  than  the  weight,  or  it  will  not  raise  the  latter;  when 
both  the  arms  are  equal,  the  power  and  the  weight  must  be 
equal,  to  be  in  equilibrium. 

The  hammer  lever  differs  in  nothing  but  its  form  from  a 
lever  of  the  first  kind.  Suppose  the  handle  of  the  hammer  to 
be  ten  times  the  length  of  the  iron  part  that  draws  the  nail,  then 
pulling  backwards  the  handle,  whde  the  lower  end  rests  upon 
the  board  as  a  fulcrum,  the  nail  may  be  drawn  with  one-tenth 
part  of  the  power  which  would  be  required  to  pull  it  out  with 

E'ncers;  because  in  using  the  pincers,  the  nail  would  move  as 
it  as  the  hand,  but  in  using  the  hammer,  the  hand  moves 
over  ten  times  the  space  of  the  nail.  A  pair  of  scissars  is  com* 
posed  of  two  levers  of  the  first  kind,  the  centre  of  motion  being 
the  rivet.  If  the  hand  or  power  be  applied  three  times  as  ht 
from  the  rivet  as  the  material  to  be  cut,  each  lever  acting  with  a 
force  of  three,  the  scissars  will  act  on  the  material  six  times  more 
stronriy  than  if  the  same  power  were  applied  directly  to  it. 

The  second  kind  of  lever,  that  is,  a  lever  employed  so  as 
to  have  the  weight  between  the  fulcrum  and  the  power,  is  repre- 
seated  by  fig.  1 1.  pi.  I ;  A  is  the  fulcrum,  B  the  weight,  and  C 
the  power.  The  advantage  gained  by  this  lever,  as  in  the 
first,  is  as  great  as  the  distance  of  the  power  from  the  prop 
exceeds  the  distance  of  the  weight  from  tne  prop.  Thus  ir  the 
point  a,  OB  which  the  power  acts,  be  seven  times  as  far  from  A 
as  the  point  (,  on  which  the  weight  acts,  then  one  pound  applied 
al  C  will  raise  seven  pounds  at  B. 

From  the  properties  of  this  lever  it  is  evident,  that  if  two 
men  carnr  a  imnlen  upon  a  stick  between  them,  the  shares  of 
the  wei||ht  which  they  bear,  are  to  one  another  in  the  inverse 
proportion  of  their  distances  from  it.  The  fact,  indeed,  is 
well  known,  that  the  nearer  either  of  them  is  to  the  burden,  the 
greater  shaie  he  bms  of  it;  and  if  one  of  them  go  directly 
under  it,  he  bears  the  whole.  If  one  man  be  at  A  and  the 
other  at  a,  with  the  pole  or  stick  resting  on  their  shoulders,  and 
the  burden  B  is  placed  five  times  as  near  the  man  at  A,  as  it  is 
to  the  man  at  a,  the  former  will  bear  five  times  as  much  weight- 
aii  the  bller.  Upon  the  same  principle,  two  horses  of  unequal 
stiengtb^  may  be  voked  so  that  each  horse  may  draw  a  part 
proportionable  to  bis  strength ;  for  the  beam  thejr  pull  may  be 
divided  in  such  a  manner,  that  the  point  of  traction  may  be  as 
mnoh  nearer  to  the  stronger  horse,  as  will  be  required  to  balance 
the  <IMfef<ent  eflbcts  of  thim  stiength. 
13.  Vol.  I.  9  Q 


298  MECHANICS. 


Third  kind  of  lever. 


Tbe  oars  and  radden  of  ycaseb  are  kven  of  the  aecond 
kind :  the  veuel  is  the  weight  or  resistance,  the  water  is  (he 
fulcrum,  and  the  man  who  governs  their  motions  is  the  power. 
A  door  is  a  lever  of  Ihe  second  kind ;  the  hinges  are  the  centre 
of  motion,  the  body  of  the  door  is  the  weight,  and  the  hand 
bj  which  it  is  moved  is  the  power.  A  pair  of  bellows,  nutr 
crackers,  &c.  are  composed  of  two  levers  of  the  second  kind. 

In  the  third  kind  of  lever,  that  is,  when  the  power  is 
between  the  weight  and  the  prop,  the  power  and  the  weight  are' 
in  equilibrium,  when  the  intensity  of  the  power  exceeds  the 
intensity  of  the  weight  just  as  much  as  the  distance  of  the  weight 
from  the  prop  exceeds  the  distance  of  the  power.  Thus,  let  E, 
fig.  12,  be  the  prop  of  the  lever  EF,  and  W  a  weight  of  one 
pound,  placed  five  times  as  far  from  the  prop  as  the  point  at 
which  the  power,  P,  acts,  by  the  cord  going  over  tne  fixed 
pulley  D;  in  this  case,  the  power  must  be  equal  to  five  pounds, 
m  order  to  support  the  weight  of  one  pound. 

The  third  kind  of  lever  is  used  as  little  as  possible,  on 
account  of  the  disadvantage  to  the  moving  power;  but  it 
cannot  always  be  avoided ;  an  example  of  it  is  seen  in  rearing 
a  tall  ladder  against  a  wall,  where  the  power  or  strength  of  a 
man  is  exerted  at  a  short  distance  from  one  end,  and  the  task 
cannot  be  performed  without  more  efibrt  than  would  be  necessary 
to  bear  the  ladder. 

The  bones  of  a  man's  arm,  and  the  limbs  of  animals  gene^ 
rally,  are  levers  of  the  third  order;  for  when  we  lift  a  weight 
by  the  hand^  the  muscle  that  exerts  its  force  to  raise  that 
weight,  is  fixed  to  the  bone  about  one4enth  part  as  far  below 
the  elbow  as  the  hand  is,  and  the  elbow  being  the  centre  round 
which  the  lower  part  of  the  arm  turns,  the  muscle  must  there- 
fore exert  a  force  ten  times  as  great  as  the  weight  that  is  raised. 
The  principle  of  vitality  has  an  influence  upon  the  strength  of 
the  muscles  for  which  we  are  wholly  unable  to  aoooont ;  and  a 
weight  which  would  instantly  break  a  muscle  the  moment  it 
was  dead,  can  be  raised  by  that  muscle  while  alive,  without 
the  smallest  pain  or  difficulty.  Vitslity,  therefore,  being  or- 
dained to  communicate  so  much  energy  to  such  flexible 
materials  as  flesh  and  blood,  a  lever  of  the  third  aoit  beoame 
most  admirably  adapted  to  the  animal  frame,  beoMise  if  the 
power  be  sufficient,  its  operations  are  quick,  and  it  is  exerted  or 
resides  in  a  small  compass. 

In  eveipr  species  or  lever  there  will  be  an  equilibrium,  when 
the  power  is  to  the  weij^ht  as  the  distance  of  the  weighi  tnm 
the  tulcrum  b  to  the  distance  of  the  power  fr<Mii  the  fulcniB. 
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In  making  experiments  to  prove  the  truth  of  the  theory  of 
the  mechanical  powers,  as  it  is  impossible  to  obtain  materials 
void  of  weight,  the  young  mechanic  ought  to  be  af^rind  of 
the  necessity  of  taking  the  only  precaution  in  his  power,  that 
of  perfectly  balancing  the  levers,  &c*  before  the  weights  and 
powers  are  applied,  otherwise  his  results  will  not  be  satisfactory. 
Thus  a  lever  made  to  exemplify  the  theory  explained  by  fig.  9, 
pi.  I,  should  from  B  to  C  be  so  much  thicker  than  from  C  to  A, 
that  BC  will  balance  CA  when  the  fulcrum  is  at  C.  In  like 
manner,  for  every  other  position  of  the  fulcrum,  the  shorter 
arm  of  the  lever  should  be  made  of  the  same  weight  as  the 
loncer. 

If  the  weight  to  be  raised  be  of  considerable  bulk,  and  if  it 
be  fixed  either  above  or  below  the  end  of  the  lever,  it  will  vary 
in  its  intensity  according  to  the  position  of  the  lever.  Let  AB, 
fig.  13,  represent  a  lever  having  a  weight  fixed  above  it,  as  A, 
of  which  the  centre  of  gravity  is  a,  and  the  line  of  direction 
ah;  then  abiM  the  point  in  the  lever  upon  which  the  weight 
acts ;  but  if  the  lever  is  moved  into  the  position  CD,  the  line  of 
direction  of  the  weight  will  fiill  nearer  to  the  fulcrum  of  the 
lever,  and  consequently  act  with  less  force  upon  it;  but  if  the 
lever  is  placed  in  the  direction  £F,  the  line  of  direction  will  fall 
further  trom  the  fulcrum,  and  therefore  its  action  on  the  lever 
will  be  increased.  On  the  contrary,  opposite  eflfects  will  take 
place  when  the  weight  is  below  the  lever,  as  represented  by 
fig.  14. 

When  the  weight  is  suspended  from  the  lever  by  a  rope,  or 
any  flexible  material,  no  alteration,  as  exemplified  by  fi^.  13, 
can  take  place*  because  the  point  of  suspension  or  pomt  of 
action  is  not  altered.  When,  therefore,  two  draymen  carry  a 
barrel  on  a  couktaff,  to  which  it  is  suspended  by  a  chain,  the 
point  on  which  the  weight  acts  not  bemg  altered  by  inclining 
the  staff  in  going  up  or  down  hill,  each  man  will  sustain  the 
same  weight  as  if  on  level  ground.  But  if  they  carry  the 
barrel  upon  two  d<^,  then  the  weight  does  not  swing,  and 
the  centre  of  ^vity  is  below  the  lever,  therefore  the  point  on 
which  the  weight  acts,  will,  by  inclining  the  lever,  be  made  to 
approach  the  nighest  end;  and  the  first  man,  in  going  down 
bill,  by  having  this  point  removed  from  him,  will  oe  eased  in 
part  of  his  burden,  and  the  last  man  will  have  his  equally 
mcreased. 

If  several  levers  be  combined  together,  so  that  a  weight 
appoided  to  the  first  lever,  may  1^  supported  by  a  power 
raplied  to  the  last,  as  in  fig.  15,  pi.  I.  where  three  levers  of 
toe  first  kind  are  so  disposed  that  a  power  applied  to  the  point 
L  of  the  lever  C,  may  sustain  a  weight  at  the  point  S  til  the 
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kver  A,  the  power  must  be  to  the  weight,  in  a  ratio,  or  propor* 
tion  compounded  of  the  seycral  ratioi  which  Uiok  powen  thai 
can  sustain  the  weight  by  the  help  of  each  lever,  when  used  singly 
and.  apart  from  the  rest,  have  to  the  weight      For  instance,  if 
the  power  which  can  sustain  the  weight  W  by  the  help  of  the 
lever  A,  be  to  the  weight  as  1  to  5 ;  and  if  the  power  which  can 
sustain  the  same  weight  by  the  lever  B  alone,  be  to  the  weight 
as  1  to  4;  and  if   the  power  which  could  sustain  the  same 
weight  bv  the  lever  C,  be  to  the  weight  as  1  to  5 ;  then  the 
power  which  will  sustain  them  by  the  help  of  the  three  ieveis 
joined  together,  will  be  to  the  weight  in  a  proportbn  consisting 
of  the  several  proportions  multiplied  together,  of  1  to  5,  1  to  4^ 
and  1  to  5;  tliat  is,  as  5x4x5,  or  of  I  to  100.    For  since 
in  the  lever  A,  a  power  equal  to  ono»fifth  of  the  weight  W, 
pressing  down  the  lever  at  L,  is  sufficient  to  balance  the  weight; 
and  since  it  is  the  same  thing  whether  that  power  be  applira  to 
the  lever  A  at  L,  or  the  lever  B  at  S,  the  point  S  bearing  on  the 
point  L,  a  power  equal  to  one-fifth  of  the  weight  W,  being 
applied  to  the  point  S  of  the  lever  B,  will  support  the  weight; 
but  one-fourth  of  the  same  power  being  applied  to  the  point  L 
of  the  lever  B,  and  pushing  the  same  upward,  will  as  effi9Cto« 
ally  depress  the  point  8  of  the  same  lever,  as  if  the  whole  power 
were  applied  at  S ;  consequently  a  power  equal  to  one>fouith  of 
one^fiftn,  that  is,  one»twentieth  of  tne  weight  W,  being  applied 
to  the  point  L  of  the  lever  B,  and  pushing  up  the  same,  will 
support  the  weight.    In  like  manner,  it  matters  not  whether 
that  force  be  applied  to  the  point  L  of  the  lever  B,  or  to  the 
point  S  of  the  lever  C;  since  if  S  be  raised,  L,  which  rests  on 
it,  must  also  be  raised ;  but  one-fifth  of  the  power  applied  at  the 
point  L  of  the  lever  C,  and  pressing  it  downwuds,  will  as 
effix^tnally  raise  the  point  8  of  the  same  lever,  as  if  the  whole 
power  were  applied  at  8,  and  pushed  that  lever  up;  oonse* 
quently  a  power  equal  to  one-fifth  of  one-twentieth,  that  is,  one* 
hundredth  part  of  the  weight  W,  being  applied  to  the  point 
L  of  the  lever  C,  will  balance  the  weight  at  the  point  8  <tf  the 
lever  A.    This  method  of  combining  levers  is  mciuently  oaed 
in  machines  and  instruments,  and  is  of  great  service,  either  in 
obtaining  a  greater  power,   or  applying  it  with  more  con-^ 
yenience* 

Of  the  Balance. 

The  common  balance,  the  extensive  utility  of  which,  in 

comparing  the  weights  of  bodies,  is  so  well  known,  oonsisls  of 

a  lever  of  the  first  kind,  the  arms  of  which  are  equal  in  lenath. 

The  points^  thmfore,  from  which  the  weights  aie  sospendedy 
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being  equally  distant  from  the  centre  of  motion,  will  move  with 
equal  rrioctty,  axisequently,  if  equal  weights  be  applied,  their 
momenta  will  be  equal,  and  the  balance  remain  in  equilibrium* 

In  order  to  ha?e  a  balance  as  perfect  as  possible,  it  is  neces* 
aaty  io  attend  to  the  following  circumstances: 

L  The  arms  of  the  beam  ought  to  be  exactly  equal  both 
as  to  weight  and  length,  and  should  at  the  same  time,  be  as  long 
as  possibfe,  relatively  to  their  thickness^  and  the  weight  they  ate 
intended  to  support ;  because  the  further  the  points  of  suspen* 
aion  are  from  tnie  centre  of  motion,  the  more  the  momentum  of 
the  weights  is  increased,  and  the. more  sensible  will  be  the 
instrument. 

8.  The  points  from  which  the  scales  are  suspended,  should 
be  in  a  right  line,  passing  through  the  centre  of  gravity  of  the 
beam ;  for  by  this  means  the  weights  will  act  directly  against 
each  other,  and  no  part  of  either  will  be  lost,  on  account  of 
any  oblique  direction. 

3.  It  the  fulcrum,  or  axis  of  motion,  passes  through  the 
oentie  of  gmvity  of  the  beam,  and  if  the  fulcrum  and  the 

Cints  of  sospention  be  in  the  same  right  line,  the  balance  will 
ve  no  tendency  to  one  position  more  than  another,  but  will 
rest  in  any  position  it  may  be  placed  in,  whether  the  scales  be 
on  or  off,  empty  or  loaded,  provided  the  weight  in  each  scale 
be  the  same.  The  equality  of  two  weights  suspended  from  a 
beam,  where  the  centres  of  gmvity  and  of  motion  are  thus  coin** 
cident,  being  shown  by  weir  quiescence,  and  not  by  any 
particular  position,  such  a  beam  is  evidently  inapplicable  to 
common  use,  for  which  but  one  position  ought  to  denote  the 
equality  of  the  weights,  and  for  tliat  one,  the  horizontal  position 
is  the  most  convenient. 

If  the  centre  of  gravity  of  the  beam,  when  levd,  be  imme* 
diately  above  the  ralcrum,  it  will  overset  with  the  smallest 
actbn;  that  is,  the  end  which  is  towest  will  descend  and  not 
rise  again,  and  it  will  descend  thus  with  more  swiftness,  the 
lugho'  the  centre  of  gravity,  and  the  less  the  points  of  suspen* 
sion  are  loaded.  Hence  such  a  beam  will  make  equal  weights 
appear  uneqnal.  If  the  centre  of  gravity  of  tne  beam  be 
bebm  the  fulcrum,  the  beam  wiU  not  rest  in  any  position  bat 
when  level;  but  if  disturbed  from  that  position,  and  then  left 
at  liberty,  it  wQl  vibrate,  and  at  last  come  to  rest  on  the  level. 
In  a  balance,  therefore,  the  fulcrum  ought  always  to  be  placed  a 
Ittfle  above  tlm  centre  of  gravity.  Its  violations  will  be 
foicfcer,  and  its  borisontal  tendency  stronger,  the  lower  the 
centre  of  gmvity,  and  tbe  lem  the  weight  upon  the  points  df 
suspension* 
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4.  The  ftictioD  of  the  beam  upon  the  axu  oagfat  to  be  as 
litUe  as  possible;  because,  shouM  the  friction  be  considerable, 
the  force  leqoired  to  oterconie  it  will  much  injure  the  senstbi* 
litj  of  the  instrument;  upon  which  account,  though  one  weight 
should  a  little  exceed  the  other,  the  greater  will  not  pirponde* 
rate,  if  the  excess  be  insuflicient  to  orercome  the  friction  and 
bear  down  the  beam.  The  axis  of  motion  should  be  formed 
with  an  edge  like  a  knife,  and  made  very  hard.  These  edges, 
in  small  balances,  are  at  firet  made  sharp,  and  then  rounded 
upon  a  fine  hone,  or  piece  of  buff  leather,  covered  with  some 
impalpable  cutting  powder.  This  opemtion  causes  a  sufiicient 
bluntoess  or  rolling  edge.  The  excdlenoe  of  the  instrument 
depends  in  a  great  measure  upon  the  regular  form  of  this  round* 
ed  part.  The  scales  should  be  hung  upon  au  edge  of  the  same 
kind. 

5.  The  pivots,  which  form  the  axb  of  motion  should  be  in 
a  straight  line,  and  at  right  angles  (o  the  beam. 

6.  The  riius,  or  pieces  on  which  the  axis  bears,  should  be 
very  hard  and  well  polished,  parsllel  to  each  other,  and  of 
an  oval  figure,  that  tne  axis  may  keep  its  proper  bearing,  or 
always  remain  at  the  lowest  point. 

7.  The  beam  should  always  be  made  so  strong,  as  to  be 
inflexible  by  the  greatest  weight  it  is  likely  to  sustain ;  as  if  it 
bend  it  will  be  remlered  less  sensible,  and  as  the  arms  will  pro* 
bably  head  unequally,  the  balance  will  cease  to  give  a  correct 
lesult.  That  the  beam  may  not  be  thick  or  clumsy  without 
utility,  it  is  strongest  at  the  middle,  from  which  part  to  the 

Kints  o(  suspension  it  is  gradually  diminished  in  thickness 
:ause  the  strain  upon  it  is  likewise  so  diminished.  In  small 
balances,  the  beam  is  mostly  round,  but  in  hu'ge  ones  it  is  gene- 
rally rectangular,  its  transverse  section  being  a  parallelogram, 
of  which  tte  long  sides  are  vertical.  A  square,  a  round,  or 
any  other  form  would  require  a  greater  quantity  of  metal  to 
the  same  strength. 

8.  Very  delicate  balances  are  not  only  useful  in  nice  experi- 
ments, but  are  likewise  much  more  expeditious  than  others  in 
common  weighing.  If  a  pair  of  scales,  with  a  certain  load,  be 
bttriy  sensibk  to  one4enth  of  a  grain,  it  will  require  a  consider* 
able  time  to  ascertain  the  weight  to  that  degree  of  accuracy, 
because  the  turn,  being  very  small,  must  be  observed  several 
times  over.  But  if  no  greater  accuracy  were  required,  and  a 
balance  were  used  whicn  would  turn  with  the  one-hundredth 
part  of  a  gnin,  a  tenth  of  a  grain  more  or  less  would  make  so 
gvsat  a  diffnence  in  the  torn  that  it  woukl  be  seea  immfdiately. 
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9.  *  A  curious  eflbct,  caused  by  exciting  a  tremulous  motion 
in  the  beam,  deserYCs  to  be  noted.  If  a  balance  be  found  to 
torn  with  a  certain  addition,  and  is  not  moved  with  any  smaller 
weight,  a  greater  sensibility  may  be  ^ven  to  that  balance  by 
drawing  a  file,  a  saw,  or  any  similar  instrument  along  any  part 
of  the  beam  or  its  support;  for  the  jar  produced  by  this  opera- 
tion will  diminish  the  friction  on  the  moving  parts  so  much, 
that  the  turn  will  be  evident  with  one-third  or  one-fourth  of  the 
addition  that  would  else  have  been  required.  In  this  way,  a 
beam  which  would  hardly  turn  with  the  addition  of  one-tenth 
of  a  grain,  will  turn  with  one  thirtieth  or  fortieth  of  a  grain. 

10.  When  the  arms  of  a  balance  are  unequal,  the  balance 
is  said  to  befalse^  because  it  does  not  give  the  true  weight  of 
the  body,  whether  it  be  suspended  from  the  shorter  arm  or  the 
longer  one.  There  are,  however,  several  properties  of  the  false 
balance,  which  are  extremely  useful  in  the  estimation  of 
weights,  as  well  as  in  oorrectiuff  errors  which  may  have  arisen 
in  tne  adjustment  of  the  true  btuance. 

A  balance  with  unequal  arms  will  weigh  as  accurately  as 
another  of  the  same  workmanship,  provided  the  standard 
weight  be  first  counterpoised,  then  taken  out  of  .the  scale,  and 
the  thine  to  be  weighed  be  put  into  the  scale,  and  adjusted 
against  the  counterpoise.  Or  when  proportional  quantities  onl  v 
aie  conudered,  as  m  chemical  and  other  philosophical  experi« 
ments,  the  bodies  and  products  under  examiiuition  may  be 
weighed  against  the  weights,  taking  care  always  to  put  the 
weights  into  the  same  scale;  for  then,  though  the  bodies  may 
not  be  equal  to  the  weights,  vet  their  proportions  among  each 
other  will  be  the  same  as  if  they  had  been  accurately  so. 

A  weicht  which  counterpoises  an  ounce  when  suspended 
from  the  longer  arm  of  a  fiilse  balance,  being  added  to  the 
weight  which  counterpoises  an  ounce  suspended  from  th^ 
diorter  arm,  will  always  be  greater  than  two  ounces.  The 
excess  is  that  part  of  an  ounce  which  is  expressed  by  a  fraction, 
of  which  the  numerator  is  the  square  of  the  difierence  of  the 
arms,  and  the  denominator  the  product  of  the  arms.  If  any 
substance  be  successively  weighed  from  the  longer  and  shorter 
arms  of  a  hlwe  bdanoe,  the  true  weight  will  be  a  geometrical 
mean  between  the  fidse  weights. 

11.  But  though  the  equality  of  the  arms  may  be  well  dis» 
pensed  with,  yet  it  is  indispensably  neccssaqr  that  their  relative 
leogths,  whatever  they  may  be,  should  continue  invariable.  For 
this  purpose,  it  is  requisite,  either  that  the  three  edges  be  all 
truly  parallel,  or  that  the  points  of  suspension  and  support 
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sboold  be  always  in  the  muot  part  of  M^eedge.    The  laat  p^inl 
k  the  most  easilj  obtained. 

The  index  of  a  balance  is  that  riender  rod  risiog  pcqiendicii* 
lailj  from  the  middle  of  the  beam,  of  whidi  it  shows  the 
inclination  from  the  horiiontal  position.  A  sliding  weight  is 
sometimes  fitted  npon  the  index,  in  order  to  raise  or  deprcM  the 
centre  of  ^rravity  of  the  balance.  This  contriTanoe  is  useful  in 
adjusting  the  best  distance  between  the  oentieof  gravity  and  the 
fhlcmm. 

The  IcTcr,  we  have  obserred,  is  of  all  machines  the  moit 
simple;  the  balance  is  merely  a  lever,  yet,  in  awljrii^  it  to 
practice,  we  have  seen,  from  the  precediiu^  coasidemtions,  that 
we  have  many  diflicuHies  to  encounter  before  we  can  obtain  any 
thing  like  accurate  vesnlts.  The  workman  finds  it  a  severe 
chedc  upon  him,  to  keep  the  arms  equal,  while  he  is  making 
the  other  adjustments,  and  this  point,  thoogh  certainly  not 
the  easiest  to  manage,  is  but  one  of  many  in  which  he  ought 

Crfectly  to  succeed.  If  thai  the  adjustment  of  a  simple  lever 
so  difficult  a  matter,  the  sources  of  imperfection  in  complex 
machines  may  well  be  supposed  to  be  very  considerable*  Vet 
when  we  regard  what  has  been  actually  executed,  we  find  no 
reason  to  conclude  that  the  ingenuity  of  man  is  too  limited  for 
his  happiness ;  or  that  most  of  the  obstacles  which,  at  present 
baffling  us,  form  the  desiderata  of  human  knowledge,  will  not 
in  time  be  removed.  In  this  place,  it  may  gratify  the  reader 
to  notice  the  near  approximation  to  perfection  wUch  has  been 
shown  in  the  construction  of  the  balance. 

Muscbcnbroek  mentions  his  being  possessed  of  a  bahnce 
which  turned  with  one-fortieth  of  a  gram.  The  substances  he 
weighed  were  between  900  and  300  mins.  The  balance  there- 
fore weighed  to  tt^w  pvt  of  the  whole. 

Two  accurate  balances  of  Bolton^s  are  mentioned  in  the 
Philosophical  Transaetions,  vol.  66.  One  of  them,  it  is  said, 
would  weigh  a  posnd,  and  tnm  with  ooe>tcnth  of  a  grain. 
This,  supposing  the  pomd  to  be  avoiidupoiae,  is  yv^w  of  the 
weight,  and  shows  that  the  bahmoe  could  be  depended  on  to 
four  places  of  decimals,  and  probably  to  five.  The  other 
faafamce  weighed  half  an  ounce,  and  turned  with  -i^  of  a  grainy 
which  is  about  ttvw  of  the  weight. 

In  the  same  vohime  of  the  Philoaophical  Transactions,  two 
other  balances,  one  of  them  Read's,  and  the  other  Whitehonf  s, 
are  noted.  Read's,  when  loadeii  with  5ft  pounds,  riadilT 
turned  with  one  pennyweight;  but  very  distinctly  turned  witli 
fow  grains  whesi  tried  more  patiently.    This  being  about  rmw 
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part  of  the  weight,  the  balance  may  be  well  depended  on  to 
five  places  of  figures. — Whiiehurst's  balance  weighs  one  penny- 
weight, and  is  sensibly  afiected  with  -rmr  ^  &  grain,  wnich  is 
4iiflfl  pari  of  the  weight. 

W.  Nicholson,  the  intelligent  author  of  so  many  scientific 
works,  observes,  that  he  has  a  balance  made  expressly  for  him 
by  a  skilful  artist  in  London.  With  ISOO  grains  in  each  scale, 
it  turns  with  one-seventieth  of  .a  grain.  This  is  ttttv  of  the 
whole;  and  therefore  about  this  weight  may  be  known  to  five 
places  of  figures*  The  proportional  delicacy  is  less  in  greater 
weights*  The  beam  will  weigh  nearly  one  pound  troy,  and  when 
the  scales  are  empty,  it  is  affected  by  rvn  of  a  grain.  On  the 
whole,  it  may  be  usefully  applied  to  determine  all  weights 
between  100  and  4000  grains  to  four  places  of  figures. 

A  balance  in  the  possession  of  Dr.  George  Fordyce,  is  men- 
tioned in  the  Philosophical  Transactions,  vol.  75.  It  was 
made  by  Ramsden,  and  turns  upon  points  instead  of  edges. 
With  a  load  of  four  or  five  ounces,  a  difference  of  one  division 
ID  the  index  was  made  by  rrinr  of  <t  grain.  This  is  n  jag^ 
part  of  the  weight,  and  consequently  this  beam  will  ascertain 
such  weights  to  five  places  of  figures,  besides  an  estimate  figure. 
The  Royal  Society's  balance,  which  was  also  made  by 
Ramsden,  turns  on  steel  edges,  upon  planes  of  polished  crys- 
tal. Nicholson,  who  speaks  of  it  in  his  Clicuiical  Dictionary, 
•ats  be  was  assured,  that  it  ascertained  a  weight  to  the  seven- 
millionth  part.  He  was  not  present  at  this  trial,  which  must 
have  required  great  care  and  patience,  as  the  points  of  suspen- 
•ion  oottld  not  have  moved  over  much  more  than  ouc-fiftieth  of 
an  inch  in  the  first  half  minute :  but  from  some  trials  which  he 
jaw,*  he  considered  it  probable,  that  it  might  be  used  in  general 
practice  to  determine  weights  to  five  places  and  better. 

Tables  of  specific  gravities,  are  sometimes  carried  tp  five^ 
aijc,  and  even  seven  places  of  decimals;  but  from  the  preceding 
account  of  balances  it  is  obvious,  that  experience  does  no( 
authorise  the  practice;  and  that  deductions  founded  on  such 
a  supposed  accuracy  in  weighing,  are  of  a  very  questionabit 
nutttie.  Ia  general,  where  weights  are  given  to  five  places  ex 
figures,  the  last  figure  is  hypothetical;  and  where  they  iw 
carried  further,  we  have  reason  to  doubt  the  veracity  or  comp^ 
teace  of  the  experimentalist. 

Of  ike  Sted-jford. 
'  The  ilatera,  or   Roman  steel-yard,  is  a  lever  of  the  first 
l(lad,  and  itf  used  for  finding  the  weights  of  different  bodies,  by 
one  )UQ(rit  irieiglit^  .pl^cvidi  ^  diff^nnt  distances  from  the  proj| 
13.  Vol.  L  8  R 


^06  VeCHAKICS. 


or  centre  of  motion  L' ,  fig.  )6|  pL  I.  The  sboiter  arm  UM,  isof 
snch  a  weight  at  exactly  to  oonnterpoise  the  longer  srm  UN. 
If  the  longer  arm  be  dirided  into  as  many  equal  parte  aa  it  will 
contain,  each  equal  to  UO,  the  single  weight  Q  (which  we 
may  suppose  to  be  one  pound)  will  serve  far  any  thing  aa  heavy 
as  itself,  or  as  many  tines  heavier  as  there  are  diviskms  in  the 
arm  UN  equal  to  the  distance  UO;  or  any  quantify  between  its 
own  weight  and  that  quantity.  For  example,  if  Q  be  one 
pound,  and  be  placed  at  the  first  division  I,  in  the  arm  UN, 
it  will  balance  one  pound  in  a  scale  or  on  a  hookot  P;  if  it  be 
removed  to  the  second  division  at  S,  it  wiH  bahmoe  two  pooods 
at  P ;  if  to  the  third,  three  pounds,  and  so  on  to  the  end  of  the 
arm  UN.  If  these  intwral  divisions  be  subdivided  into  as  many 
eaual  parts  as  a  pound  contains  ounces,  and  the  weight  Q  lie 
plaoed  at  any  of  these  subdivisions,  so  as  to  counterpoise  what 
IS  in  the  scale,  the  pounds  and  odd  ounces  therein  will  by  that 
means  be  asoertaineo. 

In  the  Danish  and  Swedish  steeMmd,  Hbe  body  to  be 
weif^ied,  and  the  constant  weight,  are  fixed  at  the  exliemitici 
of  the  steel-yard,  but  the  pmit  of  suspension  or  centre  of 
motion,  moves  along  the  lever  t91  the  equilibrium  takes  plaoe. 
The  centre  of  motion  theref<ffe  shows  the  weight  of  the  body. 

Of  the  P0LI.BT. 

The  pulley  is  a  small  wheel  tnming  on  an  axis,  with  a 
drawing  rope  passing  over  it.  The  circumference  of  tlte  palley 
is  generally  hoUowed  to  receive  the  rope,  which  is  attached  on 
the  one  hand  to  the  moving  power^  and  on  the  other  to  the 
resisting  force. 

The  pulley  is  usually  called  a  sheave^  and  is  so  fixed  in  a 
finame  or  block,  as  to  be  moveable  on  a  pin  passing  through  its 
centre.  When  pulleys  are  made  of  wood,  a  ring  of  iron  or 
brass  is  generally  let  into  the  middle  of  them,  to  woifc  uses 
the  pin,  as  they  would  otherwise  weur  unequally,  and  their 
motion  would  then  be  impeded  by  an  inoeased  degree  of 
friction. 

AJixedpoBey  is  one  which  has  no  motion  except  laptm  its 
axis:  a  iitai>ea6fe pulley  is  one  which  rins  and  fidb  with  the 
wdght  The  expression  <<  moveable  pulley'*  i»,  dear  enoaclh 
but  the  epithet  fixed  bemg  rather  calculated  to  ejcdnde  the  idet 
of  motion  entirely,  the  expression  <<  fixed  pulley/*  req^ains  more 
particular  notice  from  those  to  whom  the  subject  la  new. 

The  gorge  otmaoe  of  a  pulley  is  Ae  holkw  part  of  the 
circnmfctance  which  receivei  the  rope  or  coid ;  it  is  ftoqueallj^ 
Ibpliaired  oiit  angolaily,  io  that  tht  nv^  wUeh  la  ramd,  to 
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by  the  pressure  so  wedged  in  (he  aaglei  (hat  it  cannot  gHde  or 
slip  in  1(8  motion. 

A  pair  of  blocks,  with  the  rope  fastened  round  it,  is  com* 
ttionlv  called  a  tackle. 

Two  equal  weights  attached  to  the  ends  of  a  rope  going  over 
H  fixed  pulley,  asfig«  1,  pi.  II,  will  balance  each  other,  for 
they  stretch  the  rope  equally,  and  if  either  of  them  be  palled 
down  through  any  given  space,  the  other  will  rise  through  an 
equal  space  in  the  same  time,  and  consequently  as  their  velocities 
are  equal,  they  must  bahmce  each  other.  This  kind  of  pulley, 
theretore,  gives  no  mechanical  advantage,  but  the  use  ot  it  is  a 
source  of  great  convenience.  It  serves  to  change  tlie  direction 
of  draught;  it  gives  a  man  an  opportunity  ^applying  hii 
weight  instead  of  his  muscular  strength,  but  not  of  lifting  mom 
than  his  weight ;  it  also  enables  a  man  to  raise  a  weight  to  any 
point,  without  moving  from  the  place  he  is  in,  whereas  m 
would  otherwise  have  been  obliged  to  ascend  with  the  weight; 
and  lastly,  by  it  seveml  men  may  apply  their  strength  to  the 
weight  by  means  of  the  rope,  with  as  much  facility,  under  the 
same  circumstances,  as  one  person  only. 

In  treating  of  the  lever  it  might  have  been  observed^  that 
the  prop  may  be  re^rded  as  a  third  power,  which  keeps  in 
equilibrium  the  motive  force  and  the  resistance,  or  which  coo- 
cuis  with  the  one,  to  enable  it  to  sustain  the  effort  of  the  other. 
If  (fe  lever  of  the  second  order,  AB,  fig.  8,  have  its  fulcruni 
at  B,  the  weight  in  the  middle  at  C,  and  the  power  at  A,  hw 
the  weight  being  supported  by  the  fulcrum,  a  power  equal  to 
the  other  half  will  kcMsp  it  in  equilibrium.  This  will  apply  to 
the  ilhutmtioB  of  the  action  of  pulleys,  which,  when  the  weight 
IS  appended  to  the  circumference,  may  be  considersd  as  levers 
of  toe  first  kind,  and  when  the  weight  is  appended  to  the 
centre,  they  may  be  considered  as  levers  of  the  second  kinds 
IwBoe  the  repes  a  i,  fig.  1,  haaging  at  equal  distances  from  the 
oentve,  c,  (which  must  be  icgarded  as  the  fulcrum,)  equal 
weiff  hts  most  be  in  equilibrium,  exactly  as  they  would  be  if  placed 
in  the  scales  6f  a  common  balance.  But  if  one  weight  be  fur* 
ther  from  the  centse  or  foloram  than  the  other,  tbey  will  balanca 
eadi  «ther  only  at  thev  would  in  a  steel^yard,  and,  theretbre, 
though  stilt  a  lever  of  the  first  kind,  a  less  weight  will  suspend 
a  gnater.  Thus,  if  the  pulley,  as  in  fig.  S,  have  diflerent 
forges,  and  tho* weight  R,  of  six  ounces,  be  bung  at  thedis* 
tance  of  one  inch  from  thf  fulcrum,  r,  and  the  weight  S  of 
three  ounces  be  hung  at  the  distance  of  two  inches  from  the 
same  centre;  the  two  weights  U  and  S,  though  in  the  propor* 
tioD  of  S  to  1,  will  balance  each  other.    If  the  weight  S  were 
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only  two  ooDceS)  it  would  produce  the  sane  eSect  upon  R^ 
proyided  its  distance  from  the  fulcrum  were  proportioned  to 
the  diminution  of  its  weight ;  that  is,  if  it  were  tnree  times  as 
fiur  from  the  centre  r,  as  R* 

We  have  now  to  show  that  the  moveable  pnlley  acts  like  a 
fever  of  the  second  order.     Let  the  moveable  pulley  A,  fig.  4^ 

I.  II)  be  fixed  to  the  weight  W,  with  which  it  rises  and  tails. 

n  comparing  it  with  the  lever  alluded  ioy  the  fulcrum  most  be 
considered  as  at  F;  the  weight  acts  upon  the  centre  c^  by  means 
of  the  neck  c  A,  the  power  is  applied  at  D;  and  the  line  DF 
will  represent  the  lever.  The  power,  therefore,  as  in  fig.  3,  is 
twice  as  fiur  from  the  fulcrum  as  the  weight,  and  the  dect  in 
both  cases  is  alike,  viz.  the  proportion  between  the  power  and 
the  wei|^ht,  in  order  to  balance  each  other,  must  be  as  1  to  9. 
It  is  evident,  therefore,  that  the  use  of  this  pulley  doubles  the 

Cower,  and  that  a  man  may  raise  twice  as  much  by  it,  as  by 
is  strength  alone.  Or,  as  variety  in  illustration  will  som^ 
times  catch  the  attention,  and  familiarize  a  subject  to  some 
whose  ideas  of  it  would  not  otherwise  be  distinct,  the  action  of 
this  pulley  may  be  viewed  in  a  light  somewhat  diffsrent  from  the 
above.  Every  moveable  pulley  may  be  considered  as  hanging 
by  two  ropes  equally  stretched,  and  which  must  consequently 
bear  equal  parts  of  the  weight;  but  the  rope  F6  being  made 
fiut  at  G,  half  the  weight  is  sustained  b^  it,  and  theotfier  part 
of  the  rope,  to  which  tuc  power  is  applied,  hat  only  the  other 
half  of  the  weight  to  support;  consequently  the  advantage 
gained  is  as  2  to  1. 

When,  as  in  fig.  5,  pi.  II,  the  upper  and  fixed  block  or  put 
ley*frame,  contains  two  pulleys,  which  only  turn  upon  thoraxes, 
and  the  lower  moveable  block  contains  also  two,  which  not  only 
tnm  on  their  axes  but  rise  with  the  weight,  W,  the  advantage 
gained  is  as  4  to  1 ;  for  each  lower  pulley  will  be  acted  upon  by 
an  equal  part  of  the  weight,  and  becanse  each  pulfey  that 
moves  witn  the  weight,  diminishes  one-half  the  power  necessary 
to  keep  the  weight  in  equilibrium,  the  power  by  which  W  may 
be  sustained  will  be  equal  to  half  the  weight  divided  by  the 
number  of  lower  pulleys ;  that  is,  as  twice  the  number  of  the 
lower  or  moveable  pulleys  is  to  i ,  so  is  the  weight  suspended  to 
the  power.  But  if  the  extremity  A,  fig.  6,  tie  fixed  to  the 
lower  Mock,  it  will  sustain  half  as  much  as  a  pulley ;  conse^ 
qnently  here  the  rule  will  be,  as  twice  the  number  of  moveable 


pulleys,  adding  unity,  is  to  1,  so  is  the  weight  to  the  power. 


To  prevent  the  ropes  a  and  b  from  rubbing  against  each  other, 
(he  upper  fixed  pulley  may  have  a  double  goige.  The  pnlkjr 
d  belongs  not  to  the  system  of  pulleys,  it  is  merely  used  in  the 
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pUUe,  tp  separate  fioni  the  ropes  and  show  more  distinctly    the 
power,  P. 

If  instead  of  one  rope  going  round  all  the  moveable  pulleys, 
the  rope  belonging  to  each  of  them  be  made  fast  at  the  top,  as 
in  fig.  7,  a  diffinrent  proportion  between  the  power  and  the 
weight  will  take  place.  Here  it  is  evident  that  each  pulley 
doubles  the  power;  thus,  if  there  are  two  pulleys,  the  power 
will  sustain  four  times  its  own  force  or  weight ;  if  three  pulleys, 
eight  times  its  own  weight ;  if  four  pulleys,  sixteen  times  its 
own  weight,  as  in  the  figure,  where  the  weight  W,  of  sixteen 
ounces,  is  supported  by  the  power,  P,  of  only  one  ounce. 
This  arrangement  of  pulleys  takes  up  much  room,  raises  the 
weight  very  slowly,  and  is  not  convenient  to  fit  up.  It  is 
therefore  seldom  used,  notwithstanding  the  great  power  gained. 

These  rules  are  applicable,  whatever  may  be  the  number 
of  polley 8  employed. 

The  iaige  space  occupied  by  pulleys,  when  arranged  under 
each  other,  as  in  fig.  5  and  6,  is  an  inconvenience  that  would 
often  render  them  useless,  and  such  an  arrangement  would 
increase  the  liability  to  entanglement,  particularly  on  shipboard; 
i%  is  therefore  common  to  place  all  the  pulleys  in  each  block  on 
the  same  pin,  by  the  side  of  each  otner,  as  in  fig.  8.  The 
advantage  and  the  rule  for  the  power  are  the  same  here  as  in 
fig.  5  and  6.  In  this  kind  of  tackle,  the  ropes  are  not  exactly 
parallel,  a  direction  which  should  be  preserved  as  much  as 
possible,  but  the  defect  is  not  very  considerable. 

The  reason  of  the  parallel  direction  of  the  ropes  being 
belter  than  an  oblique  one,  is  that  less  power  is  required  to  sustain 
the  same  weight;  and  in  proportion  to  the  obliquity  of  the 
lopes  nrast  be  the  increase  of  the  power.  When  there  are 
many  pulleys  in  the  same  block,  and  the  end  of  the  rope  to 
which  the  power  is  applied  terminates  over  one  of  the  outside 
pulleys,  that  pulley  always  endeavours  to  get  into  a  line  with 
the  centre  or  suspension  or  middle  of  the  moveable  puHejrs, 
Aom  which  the  weight  hangs.  In  consequence  of  this,  the 
friction  of  the  pulleys  against  the  sides  of  the  block  is  so  great 
as  sometimes  to  equal  the  power.  Hence  the  multiplication  of 
pulleys  thus  used,  soon  ceases  to  be  advantageous ;  they  are 
seldom  eflfective  if  their  number  exceeds  three  or  four. 
Smeaton,  the  eminent  engineer,  was  the  first  who  disencumbered 
jMJBself  of  the  diflkulty  here  stated,  by  making  the  rope  ter* 
■linate  over  the  middle  pulley  or  sheave  in  the  fixed  Mock, 
which  is  thereby  kept  perpendicularly  under  the  other,  and  the 
friction  of  the  sheaves  is  on  their  centres  of  motion  only.    The 
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snmber  of  9beave»  mint  always  be  ttoeveo,  or  this  iflq>n»fr> 
■mit  cannot  be  adoptrd. 

To  aTotd  as  Boch  as  poF«ible  the  frictioa  aad  shakily 
aanfion  of  a  cooibuiattfHi  of  poUeys,  James  White,  a  yerj  able 
v*erhanic,  uiTenfed  and  obtained  a  patent  for  the  concentric 
piiUc> ,  fi^.  9.  M  and  N  aie  two  of  these  pnUejs,  one  of  tbess 
iMnng  fixed,  the  other  moreaUe.  They  are  mmlly  made  of 
bra**,  and  annrer  the  purpofe  of  as  many  distinct  pnlleys  as 
there  are  groores.  In  this  case,  as  in  fig.  3,  the  weight  being 
divided  among  the  nnmber  of  ropes,  a  power  of  1  wiU  snppoit 
awdffhtof  12. 

In  speaking  sim|dy  of  a  syrtem  of  pulleys,  the  cmwinmi 
nrraogement  of  them  is  meant,  vis.  that  where  the  nnmber  «f 
ropes  is  iost  twice  the  nnmber  of  the  morcaMe  pnlfeys.  Fig. 
4, 5,  ami  8,  are  all  systems  of  this  kind.  The  ropes  asespoken 
of  as  if  they  weie  in  difeient  lengths,  but  it  can  hmdly 
require  an  obserration,  that  the  expression  b  nsed  sKrely 
faecaofe  it  is  convenient,  and  that  there  is  in  bet  but  one  rope,  the 
parts  of  which  are  alluded  to  as  if  they  wcreseparsle. 

It  has  been  shown,  in  illustrating  1^.  9.  pL  II,  that  li^ 
■seans  of  a  pulley  of  several  grooves,  the  actions  of  two 
unequal  powers  may  be  made  to  balance  esch  other*  In  lihe 
manner,  a  constant  equilibrium  or  idation  ma^r  be  preserved 
between  two  powers,  the  relative  forces  of  which  continually 
change.  Watchmakers  derive  great  advantage  from  the  appli* 
cation  of  thb  principle  to  their  work.  The  spring  of  a  watch 
always  acts  with  the  greatest  power  immediatdy  after  it  has 
been  wound  up,  and  its  power  is  continually  but  gmduaHy 
diminishing,  ttU  the  watch  stops.  If  this  inequality  of  tks 
maintaining  power  operated  upon  the  wheels,  the  watch  would 
not  go  two  successive  hours  at  the  same  rate;  but  the  efibots  of 
it  are  completdr  avoided  by  the  peculiar  confonnation  of  the 
pulley  off  which  the  spring  draws  the  chain.  Instead  of  many 
concentric  gor^  upon  the  fusee,  they  asake  only  one,  but  that 
one  Is  in  a  spind  lorm  upon  a  truncated  cone,  see  fig.  10. 
When  the  watch  is  wound  up,  the  chain  extends  from  the  upper 
or  narrowest  part  e,  to  the  spring^boz.  The  spring  is  then  at 
the  stroiurest,  but  it  acts  on  a  part  so  near  the  centre  of  asotion, 
or  axis  FG,  that  its  power  on  the  wheeb  is  the  same  as  jusi 
before  it  stops,  when  its  absolute  strength  is  much  diminished, 
but  its  weakness  is  favoured  by  pulling  at  a  longer  lever,  or  nl 
a  grester  distance  from  centre  of  motion,  that  is,  at  /.  Now 
as  the  alteration  in  the  power  of  the  spring  from  its  grmtest  to 
its  least  strength  is  graauali  so  is  the  exteimon  of  the  lever,  or 
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CoBTcnience  and  not  absolute  tncreata  of  power  gained  by  mainiiit's. 

iaciease  csf  the  distance  from  the  centre  of  raotiony.FG,  also 
eradual  between  the  extremes  ef;  therefore  the  spring  and  the 
fasee  may  be  so  adjusted  to  each  other,  that  the  power  operating 
upon  the  wheeb  will  always  be  the  same. 

We  have  postponed  till  now  one  remark  which  the  reader 
has  probably  anticipated,  vis.  that  it  is  convenience  alone,  and 
not  any  actual  increase  of  power  which  we  ^ain  by  niarliint^s; 
for  in  all  contrivances  by  which  power  is  gained,  a  proportional 
loss  of  time  is  suffered.  This  is  evident  from  a  consideiatioii 
ef  the  properties  of  the  lever;  and  is  still  more  evident,  if 
possible,  in  considering  the  action  of  pulleys.  If  one  man, 
oy  means  of  a  tackle,  can  raise  as  much  weight  as  ten  men 
could  by  their  unassisted  strength,  be  will  he  ten  times  as  long 
in  performing  bis  task.  Suppose  a  man  at  the  top  of  a  house 
draws  up  ten  weights,  one  at  a  time,  by  a  single  rope,  in  tea 
aiiHites,  let  htm  have  a  tackle  of  five  moveable  pulleys,  and  he 
wfll  draw  up  the  whole  ten  at  once  with  the  same  ease  as  he 
before  raised  up  one ;  but  in  ten  times  tite  time,  that  is,  in  ten 
minutes.  Thus  we  see  the  same  work  is  performed  in  the  same 
tiiie,  whether  the  tackle  be  used  or  not,  but  the  convenience  is, 
that  if  the  whole  of  the  ten  weights  were  in  one  mass,  they  may 
be  miicd  with  the  tackle,  though  it  would  be  impossible  to 
move  Uiem  by  the  unassisted  strength  of  one  man* 

Or,  suppose,  instead  of  tea  weicfhts,  a  man  draws  ten 
buckets  of  water  from  the  hold  «f  a  ship  in  ton  minutes,  and 
that  the  sh^>  being  leaky,  admits  '|ii»'liqiml  quantity  in  the 
same  time.  It  is  proposed,  that  by  mbartt»  of  a  tackle,  he  shall 
raise  a  bucket  ten  times  as  capaci6u»  wit  b  >  tire  same  exertion  of 
strength.  With  this  assistance,  hii>  dnltvaiop  the  large  bucket^ 
but  in  as  long  a  time  as  he  empiojM  tcn^clmw  up  the  ten,  ana 
therefore  he  is  as  fiir  from  gainingow  the  water  ia  the  latter  case 
as  in  the  former.  -    )-  " 

The  remark  that  whatever  is  i;;ajoad*jpi  poiwer  is  lost  in  time* 
would  be  perfectly  correct,  evettf  if^tiatiQlrifl^  were  destitute  of 
firktioii  and  of  ineitia;  but  as  tbkso^fhiAdetdnoes  are  always 
praseot,  the  truth  is^  as  w^  ihall  uftSrwaMs  see,  that  power, 
uttead  of  being  incfeased  byihtf'ihtifot  mabbtnes,  is  actually 
diminished.  The  convenieheev '  b#wn4r,  which  is  obtained 
bgr  a  well  conatracted  muafainei^  is  M  Tmpie  recompetiae  for  the 
actual  lais  of  power.  :  •  ^  •('>Jii • 

Or  THB  Whecu  Awir  AxMi-  * 
Tho  wiiosl  and  axie,  fomeCimei'  aUted*  the  axis  in  perUro^ 
dUu,  is  a  asacliiiie  cif  ike  most!  eitMslve  utility,  and.  (o  suit 
iJflniirijWHposig,  k  fiMtly  diyorsiiad  to  font.    It  m  nemtr 
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Wheel  Md  axle. 


allied  to  the  pulley ;  the  same  illastrations  will  freq^ntljr  senrt 
for  tbem  both ;  and  like  the  pulley,  it  may  be  considered  bb  an 
assemblage  of  levers,  or  a  perpetual  lever,  because  from  its 
constant  renewal  of  the  points  of  suspension  or  resistance,  it 
frees  us  of  the  great  defect  of  the  simple  lever,  which  can  only 
be  used  to  raise  weights  to  small  elevations. 

This  mechanical  power  consists  generally  of  a  wheel  with  an 
axis  fixed  to  it,  so  as  to  turn  round  with  it;  the  power  being 
applied  at  the  circumference  of  the  wheel,  the  weight  to  be 
raised  is  fastened  to  a  rope  which  coils  round  the  axis.  But  a 
machine  which  has  in  reality  no  wheel,  comes  under  the  deno- 
mination of  the  wheel  and  axis;  such  is  a  windlass,  where  an 
axis  is  turned  by  a  winch  or  handle;  here  tlie  handle  is  virtu- 
ally the  wheel,  its  revolution  renders  it  a  perpetual  lever,  its 
power  is  the  same  as  that  of  a  wheel  whose  circumference  is 
equal  to  the  circumfereace  of  the  circle  the  handle  describes, 
and  therefore  the  machine  is  identified  with  the  wheel  and  axfe. 

AB,  fig.  11,  is  a  wheel,  and  CD  an  axle  fixed  to  and  mov* 
ing  round  with  it.  If  the  rope  which  goes  round  the  whed  bt 
pulled,  and  the  wheel  be  turned  once  round,  it  is  evident  that 
so  much  rope  will  be  drawn  off  as  would  encompass  the  wheels 
but  while  the  wheel  turns  once  round,  the  axle  turns  ones 
round,  and  consequently  the  rope  by  which  the  weight  is  sus- 
pended will  wind  once  round  the  axle,  and  the  weight  will  be 
raised  through  a  space  equal  to  the  circumference  Si  the  axle. 
Hence  the  velocity  of  the  power  will  be  to  that  of  the  weighty 
as  the  circumference  of  ihe  wheel  is  to  the  curcumference  of  tbe 
axis.  This  being  tbe  case,  the  weight  and  the  power  will  be 
in  equilibrium,  when  tbe  one  .is  to  the  other  as  the  circuoi- 
ferenoe  of  the  wheel  is  to  the  circumference  of  the  axis. 

Mathematicians  demoostrate  that  the  circumferences  of 
diffirent  circles  bear  the  same  proportion  to  each  other  as  their 
respective  diametevB;  cbbaequently)  the  pow(ir  and  the  weight 
will  balance  each  othetf^  wb a  the  power  bears  tbe  same  propof* 
tioa  to  the  weight  tbati  Abe  dmneier  of  the  axis  bears  to  the  dEa- 
meier  of  the  whceL  f/XhusJ  let  fig.  2,  pi.  II,  which  was 
formerly  consider^. as  ikjpnUey  !ef  t^wso  eonoentric  grootes^  be 
now  considered  «a  a  w4ie9l/Mld  asle;  ^e  representing  thediarod* 
ter  of  the  axle,  whiol^  tm  aill  simpdie  Un  be  one  iocb;.  ^ndfjg 
the  diameter  of  the  wheel,  which  we  wiU^snppoie  to.be  sis 
inches;  then  one  ounce  acting'  as  the  power,  R,  will  balance  a 
weight  or  resistaoae  of  sur  .ounces  actinp^as  A  weight,  S.  In 
whatever  form  tht.  maishine)  pseNnto  itsdf,  Ibis*  kmipbition 
between  tbe  powor  and  tbe  we|ghlwiU«lbiwt  mh^  tfe  power  ft 
applied  to  tbe  ciwtttnftiMrft'iot'.tbewhed^  orio^  awtflpbi  anal 
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£,  fig  11,  pi.  II.  and  the  weight  to  the  axis.  Then*fore  if  W 
be  KWlbs.  and  the  power,  P,  or  a  foreeactin/^at  £,  be  equal  to 
lOtbs.  the  diameter  of  the  wheel  or  the  diameter  of  the  circle 
described  by  the  winch  being  ten  times  greater  than  the  diameter 
of  the  axis,  they  will  be  in  equilibrium,  and  a  small  additional 
force  will  cause  the  wheel  to  turn  with  its  axis,  and  raise  the 
weight,  and  for  every  inch  which  the  weight  rises^  the  power 
will  foil  ten  inches* 

When  the  wheel  and  axis  is  considered  as  a  perpetual  lever, 
the  fulcrum  is  the  centre  of  the  axis,  the  longer  arm  is  the 
radius  of  the  wheel,  and  the  shorter  arm  the  radius  of  the  axis. 
From  this  again  it  is  evident,  that  the  longer  the  wheel,  and 
the  smaller  Uie  axis,  the  stronger  is  the  power  of  the  machine, 
but  then,  as  in  other  instances,  the  drawback  on  the  power 

Ssined  is  the  time  lost,  which  is  always  proportionate  io  the 
isparity  between  them. 

A  capstan  is  an  axis  or  cylinder  of  wood,  with  holes  in  it, 
in  which  levers  are  inserted,  to  turn  it  round;  these  are  like  the 
spokes  of  a  wheel  without  the  rim. 

In  some  cases,  the  weight  is  not  connected  with  the  axis  by 
a  rope,  but  b  immediately  affixed  to  the  axis  itself.  A  bell, 
which  is  moved  in  ringing  by  awheel  and  axis  is  an  example  of 
this;  here,  in  once  turning  the  bell  round,  the  velocity  of  the 
bell  is  as  the  circumference  described  by  its  centre  of  gravity. 

On  the  other  hand,  in  what  is  called  the  circular  crane,  the 
power  is  not  applied  to  the  wheel  by  means  of  a  rope,  nor  does 
it  act  upon  any  handle  or  spokes,  but  by  a  man  walking 
within  the  wheel ;  as  the  roan  steps  forward,  the  part  upon 
which  he  treads  becomes  the  heaviest  part  of  the  wheel,  and 
descends  till  it  is  the  lowest.  Thus  he  keeps  going  on,  and  by 
'treading  upon  every  part  of  the  wheel's  circumference  in  its 
turn,  the  revolution  is  eflfected.  This  mechanical  contrivance 
is  unwieldy,  from  the  necessity  of  employing  a  large  wheel, 
and  its  power  insignificant,  because  the  man  can  ascend  so 
little  from  the  bottom  of  the  wheel.  It  is  also  unsafe  for  the 
nan,  for  if  the  lope  suspending  the  weight  give  way,  or  his  feet 
•lip,  he  is  exposed  to  the  greatest  danger. 

In  considering  the  theory  of  the  wneel  and  axle,  the  rope  is 
supposed  io  have  no  sensible  thickness ;  but  if  the  rope  be  thick, 
or  if  there  be  several  folds  of  it  round  the  axis,  in  obtaining 
the  radius  of  the  axis  the  measurement  must  be  made  to  the 
middle  of  the  outside  rope;  for  it  is  plain  that  the  distance  of 
the  weight  is  as  efibctually  increased  by  the  coiling  of  the  rope 
M  by  any  other  means* 
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Wbeel  and  Axle, 

If  teeth  ane  cut  in  tbe  eircarafiBrenoe  of  a  Pitied,  aai  if  they 
•work  in  the  teeth  of  another  wheel  of  the  same  aiae,  as  fig.  1, 
pi.  III.  it  is  evident  that  both  the  wheeia  will  vefdive  in  the  same 
time ;  and  the  weight  appended  to  the  axle  of  the  wheel,  B| 
will  be  raised  in  tJie  same  time  as  if  the  axle  had.  been  fixed  to 
the  wheel  A.  But  if  the  teeth  of  the  second  wheel  be  oaade  to 
work  in  teeth  made  in  the  axle  of  the  first,  as  fig.  8,  eveiy  pMl 
of  the  circumference  of  the  wheel  D  is  applied  saccessively.  to 
&IC  circumference  of  the  axle  E  of  the  first  wheel  C,  aadas  E 
is  much  less  than  D,  it  is  evident  that  it  must  go  round  as  maajr 
iimes  ofiener  than  D,  as  the  ciccumference  of  U  exceeds  its  own 
circumfinrenoet  or,  which  amounts  to  the  same  thing,  if  the 
.number  of  teeth  in  the  axle  £,  be  divided  by  the.  number  of 
ieeth  in  the  wheel  D,  thepvoduct  wdl  show. the  number  of 
savolutioas  which  E  will  make  for  ome  lerohition  of  D.  In 
order  to  obtain  a  balance  here,  between  the  power  P,  and  the 
weight  W,  the  power  must  be  to  the  weight,  as  the  prodnct  of 
the  circumferences  or  radii  of  the  two  axles  mnltipliea  togetfier, 
is  to  the  circumferences  or  radii  of  the  two  wheels.  Tim  wiU 
become  sufficiently  dear,  if  the  whole  be  considered  .aa  a  com- 
pound lever,  the  explanation  of  which,  as  given  in  its  pvapor 
place,  will  show  that  fig.  2,  requires  the  same  proportion  between 
the  weight  and  the  power,  -and  therefore  isrepveaented  by  the 
compound  lever,  fig.  3.  The  dotted  lines  show  the  half  of  the 
wheeb  and  axle,  of  which  the  difiisient  parts  of  the  lever  are 
equal  to  the  radii. 

Instead  of  a  combination  of  two  wheels,  three  or  four,  or 
any  number  of  wheei«,  may  woik  in  each  other,  and  by  thus 
increasing  the  number  of  wheels,  ^or  by  proportioning  the 
wheels  to  the  axles,  any  degree  of  power  may  be  acquired.  By 
incrrasing  the  length  of  the  axle,  by  varying  the  atzei  of  the 
wheels,  and  placing  tht4r  teeth  sometimes  on  the  cironmfeicnoe, 
and  sometimes  on  the  side  of  the  rim,  the  action  of  the  power 
may  be  transmitted  to  a  dbtance,  the  direotion  of  the  movement 
changed,  and  any  given  velocity  assigned  to  particular  parlB. 

What  wft  have  uniformly  called  the  tedh  of  wheels,  are  not 
in  all  cases  distinguished  by  that  name,  though  they  always  ase 
so  when  the  work  is  small,  as  clockwork,  and  generally  when 
the  wheels  are  made  of  metal,  whatever  be  the  site  of  the 
work;  but  in  large  works,  where  the  wheeh  ase  of  wood,  and 
the  teeth  are  separate  pieces  mortioad  into  the  nm,  they  ase 
called  cog9» 

It  may  also  be  obsfMrred,  that  me  h%wt  ealled  the  email 
wheel  E,  fig.  8.  pK  JII,  an  axle,  because  in  point  of  leaaoniag 
aatotheemct,  it  is  the  same  thing  whether  it  u  gsaUy  .a  toothed 


HECHANiar.  315 


Wheel  «m1  axle.— The  crane. 


ule,  or  «  wheel  cyf  timt  siee  upori  a  small  axle.  For  the  sake 
of  distinction,  the  small  wheel  £  is  called  by  mechanics  a 
miioff,  and  sometimes  a  nui*  Its  teeth  are  also  called  leavru 
in  large  machines,  trundles  are  frequently  substituted  for 
pinioiis  or  note,  beinj?  of  easier  mamitacture,  and  performing 
the  same  office.  These  trundles  are  cylinders  or  spindles^ 
pardlterio  each  other,  and  placed  circularly  in  two  plain 
pieces  of  wood  at  the  top  and  bollom.  The  teeth  of  the  wheel 
then  catch  the  spindles  of  the  trundle,  as  they  would  do  the 
iMth  of  a  nut  or  pinion. 

That  useful  machine,  the  crane,  so  much  employed  in 
raising  or  lowering  ^Dods,  is  indebted  for  its  value  principally 
to  the  wheel  and  axle.  Cranes  are  very  variously  constructed^ 
Imt  the  object  in  all  of  tbem,  is  to  manage  a  great  weight  with 
an  inconsiderable  power.  An  elevation  of  a  crane,  the  general 
tonstmction  of  which  is  now  becoming  very  prevalent  in 
London,  is  shown  in  fig.  4,  pi.  III.  It  is  approved,  from  its 
Aqniring  no  very  expensive  frame-work,  and  because  it  can  be 
turned  all  round.  AB  is  a  stout  beam,  turning  in  a  cast*iron 
collar  at  B,  affixed  to  the  beams  in  the  floor  S[  the  wharf;  A 
goes  down  about  twelve  feet  below  this,  and  has  a  steel  pirot  at 
we  kmer  end,  which  works  in  a  brass  socket  or  collar,  so  that 
the  beam  AB  can  turn  freely  round  without  shaking.  CD  are 
Ibetwobmms  of  thN&jib,  with  a  fixed  pulley  at  E,  over  which 
the  chain  for  hoisting  the  goods  worics.  The  other  end  of  this 
chain  winds  round  the  axle  e,  of  the  great  wheel  F,  of  98 
leKh;  this  wheel  works  in  a  pinion  of  seven  leaves,  on  the  same 
axle  with  the  wheel  O  of  35  teeth.  The  wheel  G,  works  in  a 
plniim,  H,  of  14  teeth;  When  a  great  power  is  required,  the 
winch  handle  is  applied  to  a  square  on  tne  end  of  the  axis  or 
spindle  of  this  pinion ;  bnt  for  a  less  weight  the  winch  is  put 
on  the  axis  of  the  wheel  G.  In  this  case,  to  lessen  the  friction, 
the  pinion  may  be  disengaged,  or,  as  it  is  usually  called, 
thrown  out  of  gear,  by  sliding  its  axle  leugthways.  For  this 
purpose,  it  must  be  provided  with  two  grooves,  and  must  have 
a  chp  or  catch:  to  fiill  into  one  of  these  in  either  of  its  situations. 
The  fmme  containing  the  wheels  is  formed  by  two  cast-iron 
crosses,  bolted  to  the  main  beam,  AB,  by  their  vertical  arms^ 
of  which  IK  are  the  two  in  front. 

Machines  of  this  description  should  be  furnished  with  a 
ratchet  wheel,  as  m,  with  a  catch  to  tall  into  its  teeth.  This 
wheel  will  at  any  time  support  the  weight,  and  krep  it  from 
descending,  if  the  person  who  turns  the  handle,  should, 
through  inadvertence  or  carelessness,  quit  his  hold  while  the 
weight  is  suspended.    This  easy  the  mode  of  preventing  the 
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danger  which  would  result  from  the  running  down   of  tho 
weight,  if  left  at  liberty,  should  never  be  omitted. 

Of  the  Inclinbi>  Plans. 

The  inclined  plane  is  anj  flat  surface  which  forms  an  angle 
less  than  a  right  angle,  with  the  plane  of  the  horizon.  W&n 
hogsheads,  or  pipes  of  wine,  &c.  are  to  be  let  down  into  a 
celiar,  or  brought  up  out  of  it,  a  plank  is  laid  along  the  stairs^ 
and  thus  forms  an  inclined  pbine. 

The  time  which  a  rolling  body  takes  to  descend  upon  aa 
inclined  plane,  is  to  the  time  in  which  it  would  descend  verti- 
cally by  its  absolute  gravity,  in  free  space,  from  the  highest  pari 
of  the  plane,  in  the  ratio  or  proportion  which  the  length  of  the 
plane  bears  to  its  perpendicular  height.  The  whole  theory  of 
the  inclined  plane  rests  upon  this  principle. 

Suppose  the  plane  AB,  fig.  5,  pi.  III.  to  be  parallel  to  the 
horizon,  the  cylinder,  C,  will  remain  at  rest  on  whatever  part 
of  the  plane  it  is  laid.  If  the  plane  be  placed  perpend icnlarly^ 
as  AB,  fig.  6,  the  plane  will  contribute  nothing  to  the  snpp<Nrt 
of  the  cylinder  C,  which  will  therefore  descend  with  its  wnole 
force  of  gravity,  or  require  a  nower  equal  to  its  whole  weighl 
to  keep  it  from  descending.  But  suppose  AB,  fig.  7,  to  be  a 
plane  parallel  to  the  horizon,  and  AD  a  plane  inclined  to  it;  if 
the  whole  length  AD  be  three  times  as  great  as  the  perpendicular 
DB,  the  cylinder  C  will  be  supported  upon  the  phme,  or  kept 
from  rolling  down,  by  a  power  equal  to  a  third  part  of  the 
weight  of  the  cylinder ;  it  is  clear,  therefore,  that  a  weight  may 
be  rolled  up  this  inclined  plane  by  a  third  part  of  the  power 
which  would  be  required  to  draw  it  up  by  the  side  of  an 
upright  plane,  as  AB,  fig.  6,  where  the  torce  reanired  must  be 
equal  to  its  whole  weight;  but  it  is  to  be  noticea  that  upon  the 
inclined  plane  the  weight  goes  over  three  times  the  space,  which 
proves  that,  as  in  all  other  cases,  we  only  substitute  time  for 
power. 

As  the  horizontal  plane  supports  the  whole  weight  of  Ike 
cylinder  C,  and  the  vertical  plane,  or  plane  perpendicnlar  to 
the  horizon,  supports  none  of  it;  so,  in  all  cases,  the  leia 
the  angle  of  elevation,  or  the  gentler  the  ascent  is,  the  greater 
will  be  the  weight  which  a  given  power  can  draw  up;  for  the 
steeper  the  inclined  plane,  the  less  does  it  support  of  the  weigh^ 
and  of  course  the  greater  the  tendency  the  weight  has  to  roll. 

The  weight  is  always  must  easilv  either  drawn  or  pushed  in 
a  line  g  r,  pamllel  to  the  plane,  and  passing  through  the  centre 
of  the  weijBcht ;  for  if  one  end  of  the  line  be  fixed  at  g,  and  the 
^er  eml  inclined  towards  D,  the  cylinder  C  would  be  dmwm 
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sgainst  the  plane,  and  the  power  must  be  increased  in  propor* 
lion  to  the  greater  aifficultj  of  the  line  of  traction ;  also  if  the 
line  be  carried  above  r,  the  power  must  be  increased,  but  in 
that  case  only  in  proportion  as  it  endeavours  to  liA  the  body  off 
the  plane.  In  stating  the  power  necessary  to  support  the 
cvlinder  C,  on  the  inclined  plane  AD,  the  parallel  direction  of 
the  line  of  traction,  as  it  is  the  most  tavourable  one,  is  taken  for 
granted. 

In  estimating  the  draught  of  a  waggon  or  other  vehicle 
uphill,  the  draught  on  the  level  must  be  added.  Suppose  the 
hill  rises  one  foot  in  four,  then  onc-fourth  part  of  the  weight 
must  be  added  to  the  draught  on  level  ground.  If  the  weight 
were  IScwt.  and  its  draught  on  the  level  was  1|  cwt.  then 
one-fourth  of  19  cwt.  or  S  cwt.  added  to  1|  cwt.  would  ^ive 
4|  cwt.  for  the  real  draught  necessary  to  draw  12  cwt.  up  a  hill 
rising  one  foot  in  four. 

Of  the  Wbdgb. 

The  fifth  mechanical  power  or  simple  machine,  is  the 
wedge,  which  is  a  piece  of  wood,  metal,  or  any  firm  material, 
4hiQ  at  one  end  and  thick  at  the  other.  The  thin  end  is  called 
the  point  or  edge,  and  the  thick  end  is  called  the  head  or  base  of 
the  wedge. 

The  action  of  the  wedge  resembles  most  that  of  the  inclined 
plane,  but  the  theory  of  it  is  by  no  means  complete.  The 
wedge  when  driven,  as  it  mostly  is,  by  percussion,  for  example, 
by  the  blow  of  a  hammer,  produces  an  effect  diflering  consi- 
derably from  that  of  pressure,  so  as  not  to  admit  of  exact 
calculation.  A  weight  of  five  hundred  pounds,  pressing  on 
the  back  of  a  wedge,  will  often  make  very  little  impression 
upon  a  body,  which  a  hammer  weighing  only  two  pounds,  ifL 
when  the  force  of  the  blow  is  extinguished,  it  have  acquired 
a  velocity  rendering  its  momentum  equal    to  five    hundred 

Kunde,  would  instantly  sever.  This  great  diflerence  of  eflfect 
ween  percussion  and  prrssure,  when  the  momenta  are  equal, 
is  perhaps  owing  to  the  tremulous  motion  or  vibration  produced 
by  percussion  among  the  parts  of  the  body,  which,  when  so 
agitated,  and  the  wedge  has  once  entered,  has  the  friction 
between  its  sides  and  that  of  the  wedfpp  lessened,  as  well  as  the^ 
cohesion  of  its  parts  diminished.  Until,  therefore,  we  are 
thoroughly  acquainted  with  the  nature  and  force  of  the  tenacity 
of  bodies,  and  the  activity  with  which  they  vibrate  under  a 
given  impulse,  (and  these  are  branches  of  knowledge  to  which 
philokopbers  are  as  yet  nearly  strangers,)  the  theory  of  the 
wedge  will  not  be  susceptible  of  much  precision.     We  are  not, 


SIS  MECHANTM. 


The  wedge. 


however,    wholly  in  the  dark,    and  the  following  mdde  of 
r^rding  (he  subject  is  generally  approved. 

AB,  fig.  SjjA.  Ill,  is  a  wedge  driven  into  the  cleft  CDB, 
of  the  wood  FG.  When  the  wood  does  not  cleave  at  an/ 
distance  before  the  wedge,  there  will  be  an  eqniKbrium  betweerf 
the  power  impelling  the  wed^  downward,  and  the  resistance) 
of  the  wood  acting  against  the  two  sides  of  (he  wed^e,  when 
the  power  is  to  the  resistance  as  half  the  thickness  of  the  wedge 
at  its  back,  that  is,  from  A  to  B,  is  to  ther  length  of  one  of  its 
aides;  because  the  resistance  then  acts  perpendicularly  to  th€ 
^ides  of  the  wedge.    Bat  when  the  resistance  on  each  side  acts 

CraHel  to  the  back,  the  power  that  balances  the  resistances  im 
tb  sides  will  be  as  the  length  of  the  whole  back  of  the  wedgtf 
is  to  double  its  perpendicular  height. 

When  the  wood  cleaves  at  any  distance  befiire  the  wedge, 
which  is  generally  the  case,  the  power  impelling  the  wedge  will 
not  be  to  the  resistance  of  the  wood  as  the  thickness  of  the  back 
of  the  wedge  is  to  the  length  of  both  its  sides,  but  as  half  the 
thickness  or  length  of  the  back  is  to  the  length  of  either  side  of 
the  deft,  estimated  from  the  top  or  acting  part  of  the  wedge. 
The  reason  of  this  is,  that  if  we  suppose  the  wedge  to  btf 
len^hened,  so  as  to  reach  the  bottom  of  the  cleft  at  D,  the 
same  proportion  will  hold ;  namely,  the  power  wilf  be  to  the 
iesis^ance  as  half  the  length  of  the  back  of  the  wedge  is  to  the 
kngth  of  either  of  its  sides;  or,  which  amounts  to  the  same 
thing,  as  the  whole  length  of  the  back  is  to  the  length  of  bodl 
the  sides. 

The  thinner  a  wed^  is  at  the  back,  that  is,  the  more  arofe 
the  angle  of  its  longitudinal  section,  the  more  powerful  is  its 
action,  or  the  greater  the  eflbc^s  which  may  be  pimuced  by  th6 
eame force.  When  this  instrument,  also,  is  employed  to  deave 
a  hard  body,  the  parts  of  which  strongly  adhere  together,  iti 
advantage  is  augmented  in  proportion  as  the  wedge  is  sunk  or 
driven  deeper  between  these  parts.  For  example,  if  the  piece 
of  wood,  FG,  have  three  bandages,  rsi^  all  of  equal  strength^ 
and  which  may  represent  the  strength  with  which  the  parts  of 
die  wood  cohere,  the  wedge  mav  be  considered  as  acting  by  the 
arms  DE,  DC,  of  two  angular  levers.  If  then  the  force  of  the 
%edge,  exceeds  a  little  that  of  the  first  bandage  r,  this  bandage 
will  he  severed.  The  second  bandage,  5,  though  as  strong  as 
the  first,  will  be  more  easily  broken  by  the  action  of  the  same 
tredge,  because  the  arms  of  the  lever  by  which  it  then  acts  aie 
len^hened  by  the  quantitv  rs;  and  the  incnreaspd  facility  witk 
which  the  List  bandage  will  be  brokcAj  willy  in  like  maooeri  ba 


MCGHANTCS.  319 

.  Tbe  screw* 

mopoitbnate  to  the  increased  length  of  the  nrms  of  the  lever 
.UMrnied  by  the  sideii  of  the  cleft. 

The  wedge  is  a  joiechanical  power  of  singular  efficacy, 
•and  the  percu«(ion  by  which  its  action  is  obtained,  is  precisely 
that  force  which  we  can  with  the  greatest  convenience,  abnost 
indefinitely  increaiie.  By  means  of  the  wedge,  the  wal}s  of 
boiises  may  be  propped,  rocks  split,  apd  the  hea^est  ships 
.raised  up; — operations  to  which  the  lever,  the  wheel  and  axle, 
taod  the  puUy,  aiv  incompetent. 

To  tne  wedi;e  are  referred  the  axe,  spade,  chisels,  needles, 
knives,  pvnches,  and,  in  short,  all  instruments  which,  begin- 
ning with  edgo§  or  points,  grow  gradually  thicker.  A  saw  is  a 
munber  of  chisels  fixed  in  a  line,  and  a  knife,  if  its  edge  he 
examined  wilii  a  microscope,  will  be  found  to  be  only  a  fine 


Of  thb  Screw. 
The  sixth  and  last  meohaiucid  power  which  we  have  to 
jMkiee,  istbesciew. 

The  screw,  strictly  speaking,  consists  of  two  parts,  which 
,work  vathin  each  other.  One  of  these  parts,  and  which  is 
(always  meant  when  the  word  screw  is  used  alone,  is  a  solU 
cylinder  oo  the  circumference  of  which  is  cut  a  spiral  groove; 
it  is,  as  we  have  formerly  observed,  when  specifically  named, 
called  an  otdside  or  comoex  screw..  Tbe  (4her  part,  is  a  hoUo^ 
'Xyiinder,  or,  at  least,  whatever  its  external  form  m^y  be,  it 
.  contains  a  cylindrical  hole,  within  which  is  cut  a  spiral  grooMe 
.emefaonding  to  that  of  the  convex  screw,  which  can  be 
tumea  with  it,  and  the  spiral  projections  of  the  one  lock  into  the 

3iiral  hollows  of  the  other.  For  the  sake  of  neeessary  contra- 
istinotMW,  this  latter  part  is  called  an  irwdfi^  a  concave^  or  sockei 
(Bcwmf  when  spoken  of  generally,  without  reference  to.  any 
-other  use  than  its  priQcLpafone,  of  a;i  indispensable  companion 
4o  the  convex  screw;  but  when  it  consists  of  a  small  p^ece  of 
metal,  as  for  drawing  tight  bolts  of  any  description,  it  is  most 
commonly  called  amd;  and  when  it  is  of  consideraUe  size,  as 
.for  a  large  pref>s  or  vice,  it  is  usually  called  the  box.  The 
Jhremici  a  screw  is  its  spiral  projection;  tbe  pace  or  step  of  a 
screw  is  the  distance  between  tbe  threads;  and  the  groove  or 
gorge  is  the  hxMaw  between  the  threads* 

To  obtain  an  idea  of  the  nature  of  the  screw,  and  of  its 

4iffiwt;jr  io  the  inclined  plane,  cut  a  piece  of  paper  in  the  form 

of  an  inclined  ptene,  or  half  wedge,  as  LMN,  fig.  9,  pl»  lU, 

•jaad  then  wrap  it  ronnd  a  cylinder,  %•  10,  the  edge  of  this 

pinne  or  paper^  LMN,  will  form  a  spunl  Mund  ihe  cyliadei^ 
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nrhich  will  give  the  thread  of  the  screw.  The  height  of  the 
plane  is  the  pace  of  the  screw,  or  distance  of  one  thread  from 
another;  its  base  is  the  circumference  of  the  screw,  and  its 
length  is  estimated  by  this  circumstance  and  the  height  of  the 
pace. 

A  screw  is  seldom  used  without  the  application  of  a  lever 
to  assist  in  turning  it ;  it  then  becomes  a  compound  machine  of 
great  force,  either  in  compressing  the  parts  of  bodies  together, 
or  in  raising  great  weights.  As  the  lever  or  winch  must  tuim 
the  cylinder  once  round,  before  the  weight  or  resistance  can  be 
moved  from  one  spiral  winding  to  another,  or  before  the  screw 
working  in  its  box  can  rise  or  sink  the  distance  between  the 
threads,  as  from  a  to  6,  therefore  as  much  as  the  circumference 
of  the  circle  described  by  the  lever  is  greater  than  the  pace  of 
the  screw,  or  distance  between  the  threads,  so  much  does  the 
force  of  the  screw  exceed  the  motive  force.  For  examplei 
suppose  the  pace  or  distance  of  the  threads  to  be  halt  an 
inch,  and  the  length  of  the  lever  IS  inches,  the  circle  described 
by  the  extremity  of  the  lever  where  the  power  acts,  will  be 
about  76  inches,  or  152  half  inches,  consequently  IS2  times  as 
l^reat  as  the  distance  between  two  contiguous  threads ;  therefoiei 
if  the  intensity  of  the  power  at  the  end  of  the  lever,  be  eqpial  to 
one  pound,  that  single  pound  will  balance  152  pooods  actin|p^ 
against  the  screw.  If  as  much  additional  farce  be  exerted  as  is 
sufficient  to  overcome  the  friction,  the  152  pounds  may  be 
raised ;  and  the  velocity  of  the  power  will  be  to  the  velocity  of 
the  weight  as  152  to  1.  Hence  we  may  clearly  perceive,  that 
the  longer  the  lever,  and  the  nearer  the  threads  to  one  another, 
to  much  the  greater  is  the  force  of  the  screw. 

The  friction  of  the  screw  is  very  great,  but  we  are  indebted 
to  this  circumstance  for  a  peculiar  advantage  in  the  use  of  the 
■crew,  which  will  sustain  a  weight,  or  press  upon  a  body 
against  which  it  is  driven,  after  the  power  is  removed  or  ceases 
to  act.  To  enumerate  all  the  uses  of  the  screw  would  be  impoe» 
sibk.  Among  other  purposes,  it  is  appli^l  to  great  advantage 
for  measuring  or  subdividing  small  spaces;  when  thus  applied 
it  b  called  a  micrametery  which  may  be  made  to  indicate  on 
an  index  plate,  a  portion  of  a  turn,  advancing  the  screw  less 
than  the  nfly  thousandth  part  of  an  inch. 

The  threads  of  screws  are  diflerently  formed,  accoidtng  Id 
the  materials  of  which  they  are  made,  or  the  use  for  which  they 
are  intended.  The  threads  of  wooden  screws  are  generally  angu- 
lar, that  thev  may  rest  upon  a  broad  base,  and  thereby  have 
their  strength  increased  to  the  utmost.  Small  screws,  whatevor 
jnaterial  they  are  made  of|  are  generally  angular  a|po^  not  oa^ 
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for  the  same  reaiion  as  the  wooden  ones,  but  because  the  angular 
thread  is  the  most  easily  made.  The  metal  screws  which  are 
used  for  large  presses,  vices,  &c.  generally  have  a  square  thread, 
a  form  which  aufi^roenU  the  surface  of  each  thread,  and  occasions 
an  increase  of  Iriction,  but  is  attended  with  the  advantage  of 
greater  steadiness  in  its  motion. 

In  the  Common  screw,  to  which  the  preceding  observations 
are  exclusively  applicable,  the  threads  are  one  continued  spiral 
from  one  end  to  tne  other;  but  where  there  are  two  or  more 
separate  spirals  runuing  up  together,  as  in  the  worm  of  a  jack, 
or  the  principal  screw  of  a  common  printing  press,  the  descent 
of  the  screw  in  a  revolution  will  be  proportionately  increased ; 
and  therefore  whatever  be  the  number  of  the  spirals,  they  must, 
in  calculating  the  power,  be  measured  and  reckoned  as  one 
thread. 

Of  the  Endless  Screw. 

A  screw  is  sometimes  cut  on  an  axle,  to  serve  as  a  pinion, 
and  either  turns  or  is  turned  by  a  wheel ;  it  is  then  called  an 
tndkss  screwj  because  it  may  be  turned  perpetually  without 
advancing  or  receding,  that  is,  without  any  other  motion  than 
a  rotatory  one.  The  threads  of  this  screw  are  of  the  square 
form,  and  fit  exactly  into  the  spaces  between  the  teeth  of  a 
wheel,  which  teeth  are  cut  obliquely  to  answer  to  the  threads.. 
When  the  endless  screw  has  been  turned  once  round,  the  wheel 
Las  only  made  a  portion  of  a  turn  equal  to  the  distance  between 
iHie  of  its  threads,  that  is,  the  wheel  has  moved  one  tooth,  and 
therefore  the  number  of  its  teeth  is  always  the  same  as  the  num- 
ber of  the  revolutions  made  by  the  screw  before  it  is  once 
turned  round. 

The  construction  and  mechanical  advantage  gained  by  this 
screw  ma V  be  best  illustrated  by  a  jSgure :  let  the  wheel  C,  fig. 
11,  pi.  III.  have  an  endless  screw  B,  on  its  axb,  working  in  a 
wheel  D,  of  48  teeth.  The  screw  B,  and  the  wheel  C,  being  on 
the  same  axis,  every  time  they  are  turned  round  by  the  winch, 
the  wheel  D  will  be  moved  one  tooth  forward  by  the  screw, 
and  therefore  48  revolutions  of  the  winch  will  be  required  to 
turn  the  wheel  D  once  round.  Then  if  the  circumference  of 
the  circle  described  by  the  handle  of  the  winch  A,  be  equal  to 
the  circumference  of  a  groove  round  the  wheel  D,  the  velocity 
of  the  handle  will  be  48  times  as  great  as  the  velocity  of  any 
given  point  in  the  groove;  consequently,  if  a  line  G,  goes 
round  the  groove,  and  has  a  weight  of  48  pounds  hung  to  it, 
a  power  equal  to  one  pound  at  the  handle  will  balance  and 
supiK>rt  the  weight.    If  an  apparatus  were  constructed  for  the 
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purpose,  this  miz^  be  proved  bj  Making  the 

the  mbesA  C  and  D  equal  to  one  another;  mnd  Umh  if 

H,  of  ooe  pound  nrre  Mispcm:ed  bj  a  line  goiii^  ro«ad  tlie 

Eoore  of  the  nbeet  C,  it  nould  balanoe  a  vri^t  Sf  48  pmiad» 
nein^  bj  the  line  G,  and  a  Msall  addition  to  omt  of  the 
Wfi^hi^  mil  cause  it  to  move  the  other,  aa  m  erery  other  €am 
alter  tbt*  eqnitibrium  takes  place. 

If  a  line  G,  instead  of  goiBf  rooiid  the  irroote  of  the  vind 
D,  irocs  round  its  axle  I,  the  poncr  of  the  madme  will  bei* 
iBiich  increased  as  the  circumierence  of  the  gfoofe  fraceetJs  the 
circmnfereiioe  of  the  axle.  If  then  the  ctrciimfeiMce  of  the 
groove,  be  six  times  ^rreater  than  the  ctrcnmfemice  of  the  axii^ 
one  pound  at  H  will  balance  six  times  4H,  or  S88  poQiMls,  half 
to  tlie  line  on  the  axle;  the  power  gained  wiH  theieftne  be  ae 
S8^  to  1,  and  a  man  whose  natural  strength  woold  enable  hiaa 
to  lift  one  hundred  weight,  will  be  able  to  laiK  288  handled 
weight  by  this  engine. 

The  itte  of  the  endless  screw  afbids  a  vcty  ready  neaas  of 
greatly  diraiaisfaing  or  increasing  a  rotatory  iMitioii,  and 
accomplishes  at  once  what  would  otherwise  leqwhe  the  iBtei^ 
▼erition  of  two  or  three  wheels.  It  ponesses  the  advantage, 
too,  of  moring  or  being  moved  by  a  whed  with  much  asoie 
steadmess  than  apinion,  when  the  workmanship  of  iMith  is  of 
«qval  quality.  This  circumstance  is  not  so  mnt^  regarded  by 
mechanics  as  perhaps  it  onght,  and  therefore  the  cadfess  screw 
is  often  not  used  when  it  would  be  admntageons.  Cast-iron 
wheels  are  becoming  increasingly  general  for  idl  kinds  of  huge 
macfatnery  requiring  wheel-work.  Their  dnrability,  and  tSfe 
little  room  they  take  op,  when  compared  with  the  wooden  ones 
to  answer  the  same  purpose,  entitle  them  to  a  ilecided  prefer- 
ence; but  gtill  there  are  many  great  impediments  to  their  being 
made  true.  They  must  necessarily  partake  of  the  defods  of 
the  Dattem  made  for  casting^  them ;  very  few  millwrights  make 
gooa  patterns,  and  even  th«r  best  eft>rt8  are  sometimes  rendered 
ID  some  measure  abortive  by  the  warping  or  shrinking  of  tbe 
wood  they  have  used,  out  supposing  all  diflkulties  with 
respect  to  the  pattern  to  be  conquered,  the  liability  to  inoorreot 
work  from  the  imperfections  of  the  mould,  the  presence  of  stag- 
nated air,  and  the  unequal  contraction  of  different  portioiis  of 
the  rodal,  are  ver^  considerable,  and  never  abaolotely  orercome 
hy  the  most  careful  workmen.  It  is  true  that  cast-jnm  wheels 
are  better  than  any  other,  and  that  they  may  be  rectified  by 
hand ;  but  this  operation,  if  carried  beyond  a  certain  poiat| 
would  prore  Ter;jr  expensive;  it  is  besides  indesimble,  end 
wtUtm  trttompted  in  nny  grcnt  degn^  because  ue  the  suifiice  of 
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Cast-iron  is  &r  harder  tban  the  interior,  it  would  reonove  that 
portion  of  the  metal  which  alwajs  wears  the  best.  Whoever, 
theiefiMre,  attends  to  the  motions  of  machinery,  will  frequently 
observe  some  parts  to  move  by  jolts  or  starts ;  the  cause  of  which 
18,  the  inaccuracy  of  the  leeth  or  cogs.  In  consequence  of 
this,  engineers,  when  thev  want  a  steady  motion,  as  for  a  lathe, 
resort  to  the  expedient  of  employing  a  large  train  oi  wheels* 
They  thus  commonly  attain  tlieir  prime  oh^^ct,  for  the  probabi* 
lity  is  greatly  in  their  favour,  that  opposite  imperfections  will 
balance  each  other;  but  they  have  introduced  a  great  increase 
<if  friction,  and  a  consequent  necessity  for  a  greater  motive 
foree,  not  to  mention  the  expense  ot  the  additional  parts  of  the 
nachinery.  To  avoid  in  part  these  disadvantages,  they  might 
noie  frequently  employ  the  endless  screw,  for  the  reasons  already^ 
alledged.  Tlie  prmcipal  restriction  to  the  use  of  this  screw  is, 
its  being  so  liable  to  wear  when  its  motion  is  very  rapid ;  a 
rapid  motion  therefore,  should  not  be  assigned  to  it,  unless  il 
be  floade  of  hardened  steel,  when  the  objection  will  not  apply* 

Of  Compound  Machines. 

When  two  or  more  of  the  simple  mechanical  powers  are 
Made  to  act  in  conjunction  to  produce  a  given  eflfect,  the  contri- 
vance resulting  from  the  union  is  called  a  compound  machine  or 
engine. 

Though  any  one  of  the  mechanical  powers  is  capable  of 
overcoming  thie  greatest  possible  resistance  in  theory ;  yet,  in 
I»Bctioe,  if  nsed  singly,  tney  would  frequently  be  so  unman« 
agcable  as  to  render  their  properties  nugatory.  It  is  therefciro 
generally  fonnd  best  to  combine  them  together ;  by  which  meana 
we  power  is  more  easily  applied,  and  many  other  advantages 
dbtamed. 

As  the  roeehanioal  powers,  in  whatever  manner  they  are 
combined,  still  preserve  their  properties;  so,  in  compound  aa 
in  simple  engines,  whatever  is  gained  in  power  is  lost  in  time; 
consequently,  if  a  given  power  will  raise  one  pound  with  a 

E*yen  velocity,  it  will  be  impossible,  for  that  power  by  the 
dp  of  any  machine,  to  raise  two  pounds  with  the  same  velo- 
city ;  yet  by  the  assistance  of  a  machine,  two  pounds  may  be 
raised  with  balf  that  velocity,  or  one  thousand  pounds  with  a 
thousandth  part  of  it;  but  still  there  is  no  greater  quantity  of 
■lotion  proouoed  when  a  thousand  pounds  are  moved,  than 
when  only  one  pound  is  moved ;  because  the  greater  weight 
moves  proportionately  slower  than  the  lighter.  The  power, 
then,  of  machines,  consists  only  in  this,  tnat  by  their  meant 
tbe  velocity  oi  the  weight  may  be  diminished  at  pleasure,  so 
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that  with  a  given  force  any  given  resistance  may  be  overcome; 
and  the  advantages  they  afford  us  are  confined  to  convenience; 
for  instance,  by  machines,  we  are  enabled  to  assign  a  conve- 
nient direction  to  the  moving  power,  and  to  apply  its  action  at 
some  distance  from  the  body  to  be  moved,  which  are  circom- 
stances  of  the  highest  importance,  ^y  machines,  also,  we  can 
so  modify  the  energy  or  the  moving  power,  as  to  produce 
effects  not  otherwise  obtainable. 

In  contriving  machines,  simplicity  of  parts  should  always 
be  studied;  for  in  general,  the  more  complex  they  are,  the  more 
frequently  they  are  out  of  order,  and  the  more  difficult  to 
repair;  the  more  expensive  also  at  first,  and  the  greater  their 
friction,  from  the  number  or  extent  of  their  rubbing  parts.  A 
▼ery  complex  engine  may  indeed  be  a  proof  of  the  ingenuity  of 
the  inventor ;  but  if  that  be  all,  as  soon  as  a  more  simjde  mode 
of  effecting  the  same  purpose  shall  be  known,  the  precarious 
tenure  of  n is  celebrity  will  soon  be  evident,  and  he  will  be 
convinced  that  ingenuity  without  science  is  exerted  io  very 
little  purpose;  and  the  display  of  science  is  always  the  more 
complete,  the  fewer  the  parts  of  a  machine,  or  the  more  simple 
the  means  by  which  a  given  purpose  is  attained. 

To  those  who  have  a  mechanical  invention  in  view,  and 
who  are  as  yet  possessed  of  little  practical  knowledge,  it  may 
prevent  some  disappointment  to  observe,  that  the  performance 
of  the  models  or  small  machines  made  for  the  sake  of  trial,  may 
equal  their  expectations,  yet  the  action  of  such  a  machine 
upon  a  large  scale,  may  not  prove  permanently  advantageous^ 
nor  perhaps  capable  even  for  a  short  time  of  supporting  an 
analogous  action.  A  large  machine  has  not  the  same  idattve 
strength  as  a  small  one ;  it  frequently  admits  not  of  the  same 
excellence  of  workmanship,  and  in  general  it  cannot  be  made 
of  materials  so  durable  or  possessed  of  so  little  friction.  On 
the  contrary,  it  wilt  sometimes  happen,  that  a  model  will  perform 
indifierently,  though  a  large  machine  on  the  same  plan  will 
give  satisfaction ;  this  may  occur,  when  some  of  its  parts  are 
so  minute  and  of  such  a  description,  that  a  common  degree  of 
manual  skill  is  insufficient  to  form  them  correctly.  Experience 
alone  can  effectually  teach  the  art  of  making  the  proper  allow* 
anoes  in  these  different  cases,  and  the  mere  study  of  the  theoffj 
of  the  mechanical  powers,  will  therefore  supply  the  mechanic 
with  but  a  small  portion  of  the  knovledge  which  lie  ought  to 
pofliess. 

To  discover  the  mechanical  power  of  any  engine,  it  will  be 
fttfficient  to  measure  the  space  described  in  the  same  time  by  the 
power  and  the  resistance  or  weight;  for  the  power  always 
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balances  the  weight,  when  it  is  in  the  same  proportion  as  the 
velocity  of  the  weight  to  the  velocity  of  the  power.  Or,  divide 
the  machine  uito  all  the  simple  ones  of  which  it  is  formed ;  then 
begin  at  the  power  and  call  it  one,  and  by  the  properties  of  the 
mechanical  powers  find  the.  forces  in  numbers  which  the  first 
simple  machine  exercises  upon  the  second.  Call  this  force  one, 
and  find  the  force  in  numbers  with  which  it  acts  upon  the  third; 
and  patting  this  force  as  one,  ascertain  its  action  on  the 
fourth  in  numbers,  and  so  on  to  the  last.  Then  multiply  all 
these  numbers  or  individual  ratios  of  the  power  to  the  weight 
together,  and  the  product  will  be  the  force  of  the  machine, 
supposing  the  first  power  to  be  one.  This  has  been  exemplified 
by  the  method  of  calculating  the  power  of  a  compound  lever. 

In  wheel- work,  it  is  evident  from  the  principles  already  laid 
down,  that  the  velocity  of  a  wheel  is  to  that  of  a  pinion,  or 
smaller  wheel  which  it  drives,  or  by  which  it  is  driven,  in  pro- 
portion to  the  diameter,  circumference,  or  number  of  teeth,  in 
the  pinion  to  that  of  the  wheel.  If  then  the  teeth  in  a  wheel 
amount  to  80,  and  the  leaves  in  a  pinion  to  10,  the  pinion 
will  go  8  times  round  for  one  revolution  of  the  wheel,  because 
80  divided  by  10,  gives  8  for  the  quotient. 

If  the  product  of  the  teeth  in  any  number  of  wheels  acting 
on  so  many  pinions,  be  divided  by  the  product  of  the  teeth  or 
leaves  in  the  pinions,  the  quotient  will  give  the  number  of  turns 
of  the  last  pinion  in  one  turn  of  the  first  wheel.  Thus  if  a 
wheel  A,  (fig.  19,  pi.  III.)  of  48,  acts  on  a  pinion  B  of  8,  on 
the  axis  of  which  pinion  there  is  a  wheel  C  of  40,  driving  a 
pinion  D  of  6,  carrying  a  wheel  £  of  36,  which  moves  a 
pinion  F  of  6,  carrying  an  index;  then  the  number  of  turns 
made  by  the  axis  of  the  last  pinion,  and  consequently  by  the 
index,  will  be  found  in  this  manner:  V  x  V  x  V^  f=^iTT''=S40, 
which  are  the  number  of  turns  made  by  the  index,  for  one 
torn  of  the  wheel  A. 

It  will  be  evident  on  a  little  consideration,  that  whatever 
may  be  the  number  of  teeth  in  the  wheels  and  pinions,  if  they 
bear  the  same  ratio,  they  will  give  the  same  number  of  revolu- 
tions to  an  axis.  Thus,  -^  x  V  x  V  =  *  VW ""  =S40,  as  before. 
The  numbers,  therefore,  may  be  varied  at  the  discretion  of  the 
engineer,  whose  design  must  of  course  regulate  his  choice. 
One  wheel  and  pinion,  it  is  also  evident,  will  give  the  same 
motion  as  many  wheels  and  pinions,  if  the  number  of  teeth 
contained  respectively  in  the  single  wheel  and  pinion,  bear  to 
each  other  the  same  proportion  as  the  product  of^  the  teeth  in  a 
train  of  wheels  bears  to  the  product  ot  the  teeth  in  the  pinions 
belonging  to  that  train. 
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When  a  wbrd  it  moTol  knflMdiatdy  bj  the  ponvr,  it  it 
called  a  kadtr;  and  if  there  be  another  wheel  or  pinion  oo  the 
tame  axis,  it  is  called  a  fMmtr.  The  leader  leoeivcs,  and 
the  follower  imparts  the  motion. 

As  an  example  of  the  method  of  calcalatin^  the  power  of  a 
compound  machine,  we  shall  refer  to  the  crane,  fi|t.  4,  pi.  III. 
When  the  handle  is  affixed  to  the  axis  of  the  wheri  H  it  fewr» 
teen  teeth ;  if  the  length  from  /  to  the  centre  of  the  aqoare  end 
of  the  axis  upon 'which  it  is  fastened,  be  four  tines  the  semi* 
diameter  of  the  pinion  H,  then  is  the  acting  part  of  the  lever 
feor  times  the  length  of  the  resisting  part;  and  it  will  ad  opow 
the  wheel  G  with  four  times  the  eflect  of  the  same  power 
applied  directly  to  G,  as  for  example  in  palling  it  round  by  ils 
teeth ;  therefore  if  the  man  at  the  winch  exert  a  power  equal  to 
thirty  pounds,  the  eflect  of  it  on  the  wheel  6  will  be  equal  to 
one  hundred  and  twenty  pounds.  If  then  G  be  turned  by  H 
with  a  force  of  190,  and  having  two  and  a  half  times  as  many 
teeth,  it  only  makes  one  reyolution  while  H  makes  two  and  a 
half,  its  pinion  will  exert  a  force  of  twice  120  added  one  halF,  or 
900  on  the  wheel  F.  But  as  the  wheel  F  has  14  times  ai 
many  teeth  as  the  pinion  by  which  it  is  driyen,  its  reyolntiona 
will  be  14  times  fewer  than  that  pinion,  and  the  power  will  be 
proportionately  increased;  therefore  14  times  900,  which 
amounts  to  4,S00,  expresses  the  weight  which,  if  appended  to 
the  circumference  of  tne  wheel  F,  would  keep  a  power  of  90  at 
the  winch  in  equilibrium.  The  weight,  howeter,  is  not 
appended  to  the  circumference  of  the  wheel  F,  but  to  the  cir* 
cumference  of  its  axle,  which  being  four  times  lets,  its  ydlocity 
is  in  the  same  proportion  diminished,  and  its  intensity  most  bo 
Guadrupled  to  have  the  same  eflect  on  the  power ;  so  that  4  timet 
4,900,  or  16,800  pounds  will  express  the  whole  weight  which  a 
power  of  90  pounds  applied  U^  toe  winch  when  on  the  axis  of 
the  wheel  H,  will  be  aole  to  keep  in  eauilibrinm ;  and  when  the 
equilibrium  is  produced,  so  small  an  aodition  to  tlie  power  giyes 
motion  to  the  weight,  that  it  is  seldom  mentioned,  the  power 
which  eflects  the  equilibrium  being  generally  spoken  of  as  if  it 
were  actually  sufficient  to  raise  the  weight.  We  haye  supposed 
thecraneto  bayebut  one  winch,  but  such  machines  are  geno> 
rally  proyided  with  two,  one  at  each  extremity  of  the  same 
axle ;  and  it  follows  that  a  double  intensity  of  power  will  oyer* 
come  a  double  resistance.  We  haye  also  supposed  the  power 
to  be  90  pounds,  because  that  b  about  the  intensity  of  the 
power  which  one  man  could  exert  on  the  winch ;  but  as.  In  the 
cuitomary  way  of  expressing  the  adyantage  gained  by  a 
machinei  the  power  is  considend  to  be  1,  to  sidl  this  mooa  of 
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expiasion,  16,800  miist  be  divided  by  90,  and  we  shall  then 
have  a  quotient  of  560,  which  number  is  to  1,  as  16,800  is  to 
SO,  and  it  shows  how  much  the  velocity  of  the  power  exceeds 
that  of  the  weight,  when  the  velocity  of  the  latter  is  1, — the 
difference  of  thew  velocities  denoting  the  power  of  the  machine,- 
and  being  synoaimous  with  the  expression,  that  a  power  of  one 
pound  woaid  riise  560  pounds. 

Another  mode  of  estimating  the  power  of  the  crane,  fig*  A^ 
pi.  Ill,  will  be,  instead  of  proceeding  from  wheel  to  wheel, 
to  divide  3420,  the  product  of  the  teeUi  in  the  wheels  F  and  6, 
by  96,  the  product  of  the  teeth  in  the  wheel  H  and  the  pinion 
on  the  axis  of  G ;  Hbe  quotient  of  this  division  will  be  S5, 
which  if  muHiplied  by  4,  the  difference  between  the  radius  of 
the  cirde  described  by  the  winch  and  the  radius  of  the  wheel 
H;  bnd  again  by  4,  or  the  dtflference  between  the  radius  of  the 
axle  round  which  the  chain  coib,  and  the  radius  of  the  wheel 
F ; — the  product  will  as  before  be  560  for  the  power  gained. 

The  practioal  application  of  mechanics  to  the  construction 
of  machinery,  is  a  subject  of  the  utmost  importance  to  our 
tonntry;  tiie  pvosperity  of  which  materially  depends  upon  its 
commerce ;  its  commerce  is  derived  chiefly  from  its  manufac* 
turtt;  and  some  of  its  most  important  manufactures  are 
indetsted  to  the  general  introductbn  of  machinery  for  the  pre- 
ference they  every- where  receive.  It  is  to  this  source  we  must 
look  for  the  iacrease  of  property  of  every  description,  as  the 
nMroduction  of  a  machine  is  a  virtual  creation  of  all  the  work 
it  will  perfiwrn  without  further  increasing  human  labour.  A- 
OKMiff  aumy,  it  is  a  prevalent  opinion,  that  machinery  is  preju« 
MJiciM  4o  the  interest  of  mankind,  from  its  supposed  tendency 
4o  diminish  the  amount  of  that  labour  by  which  the  lower 
chttses  of  society  can  alone  purchase  the  means  of  subsistence. 
This  opinion  is,  however,  erroneous,  as  applied  to  societv  in 
gpeneral,  thoiq^fa  individuals,  whose  labours  are  superseded  by 
taadnnes,  may  suffer  inconvenience  for  a  time,  yet  it  is  only  for 
n  >time,  and  until  they,  or  others  more  intelligent,  discover  a 
iiew  c^nnel  for  the  exertion  of  their  industry.  If  improvo- 
ments  in  machinery  enable  our  manufacturers  to  offer  their 
goods  at  lower  prices  than  before,  these  goods  will  command  a 
ttie  in  fere^n  markets  where  it  was  previously  useless  to  carry 
them.  The  result  of  their  success  will  give  them,  and  conse- 
^qnenAiy  tiieir  oonntry,  an  accession  of  capital;  and  the  inevit* 
Mie  operation  of  an  accession  of  capital,  will  be  for  the 
advantaM  of  the  iabonring  cbsses,  because  it  can  no  way  be 
^xpeadra,  withont  increasing  the  genoal  amount  of  labour, 
and  tlieidSMe  making  them  in  the  end  full  participators  in  its 
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benefits.     Thus  are  the  leal  interests  of  all  ranks  inscparablj 
connected,  and  a  retrospect  of  the  last  forty  jeais  will  sbow^ 
that  though  so  many  machines    haye  been   empiojed  in  all 
trades  and  manufactures  as  probably  to  do  more  work  than  the 
^hole  population  could  do  previous  to  that  period,  yet  the  Taloc 
of'  human  labour  has  increased  in  the  same  proportioo  as  other 
articles  have  advanced  in  price,  except  so  &r  as  this  Datnial 
tendency  of  thin^  has  been  checked  by  the  re^latioos  of  war. 
Ah  machines  tend  io  increase  the  quantitiesof  those  luxuries  and 
necessaries  of  life  which  mankind  are  so  anxious  to  obtain,  it 
only  requires  that  an  equitable  division  of  these  benefits  should 
he  c fleeted,  and  then  every  objection  to  them  will  be  obviated. 
But  such  a  division  is  not  to  be  obtained  by  the  infatnatrd 
violence  of  individuals,  nor  by  legislative  or  municipal  ooo- 
straint4.     On  the  contrary,  this  benefit  can  only  spring  with  full 
vii^Dur  from  the  ashes  of  all  monopolies,  combinatioiis  or  ex* 
elusive  immunities  in  trade.     Let  every  individual  be  at  all 
times  free  from  the  least  restriction  or  check,  in  the  pursuit  of 
any  business  consistent  with  the  common  weal ;  every  one  would 
be  a  gainer  bv  the  change;  if  one  source  of  employment  fiiiled, 
abundance  or  other  sources  would  still  be  open ;  reward  would 
be  proportioned  to  ingenuity;  every  branch  of  art  would  be 
occupied  by  those  who  were  led  to  it  more  by  choice  thao 
accioent,  and  who  were  anxious  io  excel  as  much  for  their 
credit  as  from  necessity.    Tlie  aspect  of  the  country  would  then 
be  changed;    more  cheerful  industry  would  enliven  it;  thai 
laxity  of  moral  conduct  which  is  produced  by  insubordinatioDy 
and  fostered  by  llie  protecting  arm  of  injudicious  immunities, 
would  cease  to  be  so  flagrant,  il*  it  did  not  disappear;  and  the 
advancement  of  Hiuchinery,    far  from  being  viewed  by  any 
class  with  malignant  eyes,  would  be   regarded  as  an  increasin^^ 
and  inexhaustible  source  of  national  prosperity. 

If  we  supposed  the  preceding  observations  on  the  utility  of 
machinery  were  not  radically  true,  it  would  be  an  invidious  taak 
to  pursue  the  present  subject;  but  unassailed  by  any  apprehen* 
lion  of  this  kind,  we  shall  make  them  the  prelude  to  some  general 
remarks  which  may  be  useful  to  the  young  mechanic. 

In  contriving  machinery,  it  should  always  be  remembered, 
that  nothing  will  contribute  more  to  its  perfection,  espociall^r 
if  it  be  massive  and  ponderous,  than  great  unifonxMty  of 
motion.  Every  irregularity  of  motion  wastes  some  of  the 
impelling  power ;  straina,  jolts,  and  whatever  occasions  avibrai- 
im;  motion  of  the  parts  within  themselves,  weaken  the  cohesion 
ot  the  most  solid  substances,  and  are  particularly  injurious  to 
oast  ifOBy  and  the  pressures  at  the  communicaiiiig  points  ave 
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inconntant  and  unequal  A  great  engine,  constroded  without 
due  regard  to  the  uniformity  of  its  motipOy  will  shake  the  firmest, 
building;  but  when  uniform  motion  pervades  the  whole,  the 
inertia  of  each  part  tends  to  preserve  this  uniformity^  aiid  all 
*goes  smoothly. 

In  modifying  the  motion  of  the  first  mover,  and  covnmunU 
eating  it  in  a  proper  manner  to  the  subject  to  be  operated  upon, 
the  slow  rotative  motion  of  a  water*wheel  is,  by  the  machinery 
of  cranks,  levers,  and  toothed  wheels,  converted  into  a  rapid 
reciprocating  motion  for  working  saws;  and  the  velocity  of  the 
motion  is  increased  or  diminished,  as  the  occasion  reqiiirps 
either  great  power  or  great  speed.  In  like  manner,  the  rectili* 
near  motion  of  the  piston  r«kl  of  a  steam  engine  is,  by  the 
machinery  of  parallel  levers,  working  beam,  connecting  rod, 
crank  and  fly* wheel,  converted  into  a  rotative  motion;  and  this 
motion  is  again,  by  the  machinery  of  wheel-work,  adapted  to 
work  grinding  rtones,  circular  saws,  threshing  mills,  and  other 
similar  machines  which  require  great  velocity ;  or  flatting  millsi 
boring  machines,  machines  for  rasping  dyewoods,  drawing 
lead-pipe,  &c.  which  require  ^rcat  power  to  give  them  motion^ 
and  are  therefore  performed  with  less  velocity. 

In  modifying  a^rotatory  motion,  toothed  wheels  are  most 
generally  employed;  and  if  the  teeth  are  properly  formed^ 
wheels,  perhaps,  consume  less  force  in  friction  than  any  other 
mode  oJt  transmitting  motion*  In  forming  the  teeth  of  wheels, 
a  deviation  from  the  perfect  form  is  of  most  importance  where  a 
very  large  wheel  drives  a  very  small  one,  a  case  the  judicious 
engineer  should  always  avoid.  It  is  of  great  importance  to 
make  all  the  teeth  of  a  wheel  precisely  equal,  and  to  make  as 
mat  a  number  of  them  as  the  necessary  strength  will  allow. 
The  greater  the  number  of  the  teeth,  the  less  will  be  the  time 
that  any  one  of  them  will  act  upon  its  fellow,  and  several  teeth 
being  in  action  at  once,  will  cause  the  communication  of  the 
motion  to  be  extremely  smooth  and  uniform..  To  obtain 
strength,  when  the  coffs  are  made  fine,  the  width  or  thickness 
of  the  wheel  must  be  mcreased;  and  this  is  one  of  the  greatest 
practical  improvements  which  have  been  made  in  machinery  for 
twenty  years  past.  When  the  teeth  are  far  apart,  three,  four, 
or  five  inches  for  example,  they  alwnys  act  unequallj^  upon  each 
other,  in  consequence  of  the  point  of  contact  altering  its  posi* 
tioD,  becoming  alternately  nearer  or  farther  from  the  centre  of 
one  or  either^  the  wheels  i  the  acting  radius  of  one  is  thus  in* 
creased,  while  that  of  the  other  is  diminibhed,  and  their 
velocity  and  powers  varying  in  consequence  with  every  cog 
thai  vasscs  bv,  the  machine  works  by  starts  and  jerks* 
^^  2U 
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Wbefh  ne  feniid  to  work  mad,  moolUj,  wlien  the  teelb  d 
the  hirge  wheel  are  made  of  haid  wood,  aiid  the  teiCh  of  the 
small  one  of  east  irob. 

A  lolatoiy  motion  is  very  fieqoeiitly  tiansqiitled  by  meana 
€€  an  endloB  simp,  or  bdt,  paiticolariy  wha  a  veiy  qvoA 
flMition  is  to  be  created,  and  the  nyadion  to  be  ovcreo—  b 
■eariy  cqoable.  In  sndi  cases,  it  has  the  advantage  of  whaei 
Vfork  from  its  simplicity,  the  ease  of  its  motion,  and  the 
distance  to  which  it  may  he  conveyed.  A  stnp  shooU  alwaya 
vrork  on  a  pollnr  which  is  highest  in  the  middle  of  its  dfeooa- 
ference,  otherwise  it  will  be  exceedingly  apt  toslip  o£  if  one 
of  the  pnllcys  is  stopped  while  the  stmp  is  moved  lonnd  by  tho 
motion  of  the  other,  the  strap  instantly  flies  off  its  poHcy, 
nnless  the  breadth  of  the  circnmference  of  the  pnlky  greatly 
^cceis  that  of  the  strap.  This  property  is  a  great  iecosD« 
mendation  of  it  on  many  occasions,  where  the  macUaes  srigtii 
be  mnch  injaicd  or  destroyed  if  driven  by  whed-wotk  imd 
aocidentallv  stopped.  Straps  shook!  be  of  an  cqnal  thiclcmm 
and  breadth  throoghont.  They  are  mostly  joined  by  sewi^, 
bnt  the  best  method  b  by  gluing  them  together,  with  a  ^tw 
compounded  of  Irish  glue,  binghss,  ale  grooads  and  lioiled 
Iinsc«d  oil.  The  ends  that  overlap  shonM  be  pared  thin,  taper- 
ing to  the  edge  in  the  form  of  an  inclined  plane,  ao  that  tho 
juncture,  when  they  are  placed  upon  each  other,  shall  be  no 
thicker  than  the  rest  of  the  strap. 

The  wheels  which  are  turned  by  straps  never  mahe  quite  ao 
many  revolutions  as  they  ought  to  do  fimn  a  calculation  of  the 
diameters  of  the  pulleys  over  which  the  straps  pass.  Sorastimes 
the  streps  may  slip  a  little,  but  the  principal  souice  <if  the  error 
has  been  ingeniously  attributed  to  their  ehsticity,  which  mw 
mits  them  to  stretch  on  that  side  which  bean  the  strein  (eslled 
the  leading  side)  and  to  collapse  on  the  retnniing  side,  Tkb 
error,  if  elasticity  be  the  cause  of  it,  will  angasent  with  the 
Intensity  of  the  stmin,  and  the  distance  between  the  pnlbya; 
but  ill  utmost  amount  b  so  small  as  to  be  rarely  of  any  great 
consequence. 

Bends  of  rope  or  catrut  are  frequently  emplovad  to  ooin# 
municate  motkMi,  patticnfairly  to  the  mandrels  of  fames.  Ch%aft 
b  the  best  material  known  for  a  band,  and  always  to  be  pre* 
tmeA  when  it  can  be  had  of  sufficient  strength  for  the  porpare  i 
the  ends  are  united  by  a  small  steel  hook  and  ejpe,  each  of  then 
has  a  Mickct  screw  to  receive  the  band,  which  is  tapered  a  littla, 
nnd  screwed  into  it  wif  h  a  little  rosin.  If  the  hook  and  eye  ba 
made  wnrm  enough  to  keep  the  rosin  flnid  daring  the  fiuteoing^ 
the  band  will  be  vety  firm,  though  it  awy,  for  fnrUMr  aacnsity. 
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befeaied  wiib  a  hot  wir^  oo  4he  extremity  projecting  tiiFough 
the  locket.  The  groove  of  polle^fi  intended  to  receive  a>  baM^ 
should  be  of  a  sharp  angular  form,  that  the  band  may  not 
toiyb  the  bottom  of  it,  in  which  case  it  would  be  liable  to  slip* 
-Wood  is  the  best  material  for  pulleys,  because  the  polish  sooa 
acquired  by  metals,  prevents  the  band  from  holding  firmly* 
¥he  wood  for  a  pulley  diould  be  cut  endways,  that  is,  with 
iiM  gmin  in  the  direction  of  its  axis,  so  that  every  part  of  the 
circuraftienoe  being  of  a  similnr  texture,  it  will  wear  e<|ually« 
Two  methods  of  applying  a  band  present  themselves;  m  one 
of  them  it  is  carriea  over  parts  of  the  wheel  and  pulley  corres* 
ponding  in  position,  the  upper  part  of  the  band  passing 
airectly  to  the  upper  part  of  the  pnlley,  and  the  lower  part  to 
the  bwer  part ;  bnt  in  the  other  method,  the  band  is  crossed^ 
and  therefore  it  passes  fram  the  upper  part  of  the  wheel  to  the 
«itider  part  of  the  puUey •  A  crossed  band  answers  the  best  end ; 
for  as  it  envelopes  a  larger  portion  of  the  pulley,  it  produces  a 
better  eflect  than  the  ot&r,  even  when  not  so  tight.     .    . 

JBudlcis  chains  are  sometimes  used  to  oommanicate  motion,  • 
and  where  their  slipping  would  be.  injurious,  cogs  are  frequentr 
ly  formed' on  the  wheels,  to  be  received  into  the  links  of  the 
chain.     The  linka  sbotild  be  fonned  with  great  exactness. 

For  very  light  .machisery,  a  very  neat  and  even  elegant 
flsode  of  commonioaling  motion  has  long  been  partially  in  use ; 
it  Gonsisli  in  covering  the  circumferences  of  the  wheeb  with 
-baff  leather,  which  oreale  sufficient  friction  to  make  them  turn 
tuck  other  very  freel  v  without  being  pressed  very  hard  together^ 
The  same  prfnoipie  has  been  adopted  upon  a  large  scale  for  a 
•aw^miily  m  "which  the  wheels  acted  upon  each  other  by  the 
omtact  of  the  end  grain  of  wood  instead  of  cogs.  The  machi* 
nery  wore  well  ^  made  little  doise,  and  was  in  use  twenty  years* 
When  this  mode  of  tmnsmitting  mechanic  power  is  adopted,  a 
contrivance  to  make  the  wheels  near  firmly  against  one  another, 
cither  by  wedges  at  the  socket,  or  by  levers,  must  be  included. 

It  requires  all  the  art  of  the  engineer,  when  reciprocating 
and  desnltory  motions  are  required,  to  introduce  them  in  the 
most  advantageous  manner.  Eccentric  wheels  are  frequently 
employed,  but  the  common  crank  is  perhaps  the  most  lastingly 
-Mefnl  (pridcipally  oa:accoan(  of  its  being  Uie  most  sunple)  goup 
irivanoe,  for  contferting  a  reciprocating  motion  into  a  circukr 
oa^,  or  the  contrary.  Attempts  have  beoi  made  to  move  the 
pistons  of  pumps  by  means  or  a  double  rack  on  the  piston  rod } 
a  half  whett  takn  hold  of  one  mckand  raises  it  to  the  required 
hsigkt;  the  momdit  the  half  wheel  has  quitted  that  side  of 
iherack)  it  bys  hold  of  the  other  sid^  and  fi)roes  the  piston 
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down  again.  This  was  been  propOKd  aa  a  great  irapnnwnent, 
bj  correcting^  the  nnequabte  nM>tion  of  the  piston,  mofnd 
in  the  common  way  by  a  crank  motion ;  bat  it  ocoaaions  sock 
abrupt  changes  of  motion,  as  to  be  whcdly  inndminible  in 
practice;  the  more  ponderoos  the  machine,  and  the  nvre  oor« 
rcct  Hs  workmaii&hip,  the  sooner  it  would  shake  it  to  pieees. 

When  heavy  utampers  are  to  be  laised,  in  oider  to  drop  on 
the  matter  to  be  poonded,  the  wipers  by  which  they  ate  Itfled, 
should  be  made  of  snch  a  farm,  tnat  the  stamper  may  be  laised 
by  a  uniform  pro»ure,  or  with  a  motion  almost  impaneaplibb 
at  first.  If  this  is  n^^fleeted,  and  the  wiper  is  only  a  pin  stick* 
fn^  out  from .  the  axis,  the  stamper  is  finced  into  motion  at 
once.  This  occasions  a  yiolent  joK  to  the  machine,  and  gieat 
strains  on  its  moving  parts  and  their  points  of  support ;  where* 
as,  when  they  are  gradually  lifted  at  first,  the  ineqaality  of 
desultory  motion  is  never  fdt  at  the  impelled  point  at  the 
msebine.  In  order  to  avoid  the  great  inconvenieoce  arising  froas 
the  abrupt  motion  given  to  a  great  sledge  hammer  of  seven 
hundred  weight,  resisting  wiUi  a  five>told  asomentum,  an 
engineer  formed  the  wipers  for  lifting  it  into  spirals,  whick 
communicated  motion  to  the  hammer  with  searcely  any  jolta 
whatever;  but  the  result  was,  tkat  the  hammer  rose  no  higher 
than  it  had  been  raised  in  contact  with  the  wlpe^  and  then  CM 
qn  the  iron  with  very  little  efiect.  Wipers  of  the  common  fonn 
were  therefore  of  necessity  substituted  mr  the  spirals;  fi>r  in  this 
operation  the  rapid  motion  of  the  hammet  during  the  greater 
part  of  its  progress,  is  ab&olotely  necessarjr ;  it  is  not  enougk 
to  lift  it  up,  it  must  be  flung  up  so  as  to  rise  kigfaer  than  tno* 
wiper  lifts  it,  and  to  strike  with  great  force  the  strong  oaken 
spring  which  is  phiced  in  its  way.  It  compresses  this  spring, 
and  is  rcfleoted  bV  it  with  a  oonsiderabie  vdocity,  so  as  to  hit 
the  iron  as  if  it  bad  tallen  from  a  great  height ;  bad  it  been 
allowed  to  Ay  to  that  height,  it  would  have  falka  upon  the 
iron  with  somewhat  more  force  (because  no  spring  is  perfectly 
eksttc)  but  twice  the  time  wouki  have  been  requirad. 

All  ponderous  movements  should  be  suppuied  by  a  firaase* 
Work  of  wood,  or  of  iron  upon  wood,  independent  of  the 
buikiing  of  masonry  or  brick  work  containing  them.  The 
want  of  attention  in  this  respect,  has  not  unfrequentlv  occaskin- 
ed  buildings  to  be  shaken  to  pieces.  If  tke  gndgeons  of  a 
water«wfaeei,  for  example,  rest  upon  the  wall  of  a  building 
rsceutly  evectoJ,  it  can  scarcely  fail  to  prevent  Ike  perfect  inda- 
ration  of  the  mortar,  and  the  strength  of  the  wall  will  thus  be 
completely  crippled*  If  such  a  situation  must  be  selected,  tke 
gudgeons  shooia  be  supported  upon  a  block  of  oak  laid  a  little 
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bollow.  This  will  soften  all  tremors,  like  the  springs  of  a 
carriage,  and^a  prudent  extension  of  the  principle  would  be 
wery  serviceable  in  many  parts  of  the  construction. 

To  avoid  the  injurious  effects  occasioned  by  urging  sud« 
denly  or  by  jerks  the  parts  of  a  ponderous  machine  from  a  state 
of  rest  io  a  state  of  motion,  an  ingenious  contrivance  has  lately 
-been  introduced,  which  deserves  to  be  generally  known.  The 
Mtn  which  gives  motion  to  the  machine  when  the  clutch  or  oon- 
jiecting  part  of  the  running  spindle  is  engaged  with  it,  is  not 
fixed  nst  upon  the  spindle,  but  is  made  in  two  halves  screwed 
together  upon  a  cylindrical  part  of  the  spindle,  and  so  closely 
pinched  upon  it  by  screws,  that  it  will  have  sufficient  friction 
ia  turn  the  machine  round  in  tfie  ordinary  course  of  its  work, 
but  slips  round  upon  the  spindle,  if  the  resistance  is  greater 
than  this  friction,  which  thus  becomes  the  measure  of'  the  power 
exerted  upon  the  machine. 

Contrivances  for  uniting  or  detaching  motions  are  very 
various.  The  supports  of  the  gudgeons  of  toothed  wheels  are 
sometimes  fitted  up  so  as  to  be  moveable,  so  that  the  wheels 
can  be  separated  so  fat  as  to  relieve  each  others  teeth.  At  other 
times  one  of  the  wheels  is  fitted  on  a  round  part  of  its  axis,  and 
united  with  it  at  pleasure,  by  what  is  called  a  clutch-bos.  Thus 
the  wheeb  are  always  in  motion,  but  one  of  them  can  be 
detached  at  pleasure  from  its  axis,  on  which  it  slips  freely. 
Bevelled  cog* wheels  are  easily  disengaged,  by  moving  the  axis 
of  one  o(  them  a  little  endways.  For  disengaging  the  motion 
of  a  strap,  the  contrivance  called  the  live  and  dead  pulley  is  very 
ingeniotts  and  efiectoal ;  it  consists  of  two  pulleys  placed  close 
together  upon  any  axis  which  is  to  receive  a  circular  motion. 
One  of  them  is  fast  upon  the  spindle,  and  the  other  loose,  so 
as  to  slip  round.  It  is  necessary  that  the  wheel  by  which  these 
pulleys  are  turned,  should  have  its  rim  at  least  eqnal  in  brendth 
to  that  of  both  the  pulleys.  This  contrivance  is  extensively 
4ised,  and  as  a  applied  to  a  lathe,  has  been  described  in  the  sec- 
tion on  Turning. 

It  is  frequently  necessary  in  machinery  to  have  the  power  of 
reversing  the  motion  of  a  wheel  or  axis  at  any  required  interval. 
Tarious  means  are  used  for  cflTecting  this  object.  The  most 
common  is  by  two  equal  and  similarly  bevelled  or  contmte 
vrheds,  situated  on  the  same  axis,  with  their  teeth  towards  eadi 
ether.  A  thinl  bevelled  wheel  is  applied  with  its  axis  perpen- 
dicular to  these,  and  as  its  teeth,  by  simply  moving  a  lever, 
can  be  made  to  engage  either  of  them  at  measure,  they  will,  as 
ibey  act  on  contrary  sides  of  this  third  wnecl,  communicate  to 
H  opposite  motions.  Smdaton  applied  this  movement  to  draw 
Mais  from  coal-pits. 
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la  afl  Mirfcifi,  the  nof  ia^  pom^  aod  the 
aabject  to  factaaiiuaa  of  ialriMit j.  It 
aljBct  of  gicat  BM— rat,  to  have  i 
WMae  OKaaa  cf  ace— aiiilia;?  the  exci»«  af  the 
mmi  cf  rxpadiac  this  cscaa»  when  the  aMitife  povcr 
too  fukij.  Th»  cqoaliaiiao  of  Botioa  n  lanHy  oMaiwil  hf 
lihat  »  called  ^fyy  vhich  is  frownUlj  oMlt  ia  the  fiMna  of  a 
mheA^  thouh  ■nifiwri  il  m  oiefrlj  two  ban  cioHiag'ooe 
thcr  at  rigfit  aagka  io  the  auddle,  with  wcighte  at  the 
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A  %j  beiag  ande  to  temlve  abool  its  an»  keqpa  op  the 
ibtce  of  the  power,  aad  dsliibotca  it  cqoaHy  ia  all  patts  of  ite 
rerolotion*  Oa  aooooai  of  its  weight,  a  sbhU  iranalioo  ia 
fiirce does  aot KBsibiy  ahcr  its  oMitioa;  whikt  its  fnction,  aad 
the  rerataace  of  the  anchine,  preieots  it  fioai  acodoataw. 
If  the  aMitiYe  power  Aukfm,  H  iaipeb  the  lachinr  forwam, 
aad  if  the  power  tends  to  move  the  ■arhiiir  too  fiat,  it  keqas 
it  bock. 

Ia  all  ■nchiag  i  ia  which  flies  aie  osed,  either  a  comidiiably 
gicater  jbroe  mua  be  appUed  at  fint  thiaa  whal  is  nffoisMrj 
to  gife  motion  to  the  macninc  withoot  it,  or  the  fly  maiA  bes^ 
ia  motian  tome  time  beibre  the  force  is  applied  to  the  laarhiofi 
This  soperflaoos  power  is  collected  ia  the  fly,  which  is  ia  fiat 
a  icserroir  of  motion.  A  man,  woAiog  at  a  coeuMm  wind» 
lass^  exerts  a  Tery  irr^pilar  pienore  on  the  winch.  Ia  two  of 
his  pdsitioos,  daring  each  tarn,  he  can  exert  a  fiaroe  of  nearly 
seventy  pounds  wilnont  fatigne,  but  in  other  positions  be  exerts 
a  force  of  littk  more  than  twenty-five  pounds ;  nor  mast  he  in 
general  have  to  oppose  moch  awve  this;  but  if  a  lai^  fly  he 
properly  connected  with  the  windhis,  be  wiH  ad  wUh  eqoal 

e  and  speed  against  thirty  or  even  forty  poands. 

The  motion  communicated  to  a  fly-wncd  by  meaas  of  a 
small  force,  may  be  accumulated  to  such  a  debtee  as  to  produce 
efleds  which  tlie  original  force  would  never  have  aoooaiplidied. 
Atwood  has  demonstrated  in  his  <<  Tieatiseon  Reotilnwid  and 
Rotatory  Motion,*'  that  a  force  equivalent  to  flO  poondi,  amilied 
for  the  space  of  37  seconds  to  the  circumfeteace  of  a  cyunder 
SO  feet  in  diameter,  which  weighs  47 13  pouuds,  wouki,  at  the 
distance  of  one  foot  fiom  the  centrci  give  an  impulse  to  a  mm^ 
ket  ball  equal  to  that  which  it  receives  from  a  iall  chaige  of 
powder.  In  the  space  of  six  minutes  and  tenseoonds,  thoi 
•fleet  would  be  produced,  if  the  wheel  wero  driven  hf  a  i 
vbo  cooitantly  exerted  a  foroe  of  flO  poon^  nt  n  winch 
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foot  Ioq;^.  This  accumulating  power  of  a  flj,  induces  among 
many  a  supposition,  that  a  fly  really  adds  power  or  raechanical 
force  to  an  engine;  accordingly,  from  not  understanding  on  what 
its  efficacy  depends,  nor  considering  that  if  it  communicated  a 
power  which  it  did  not  receive,  it  must,  contrary  to  the  nature 
<if  matter,  possess  a  principle  of  motion  within  itself,  they 
often  place  tne  fly  in  a  situation  where  it  only  adds  a  useless 
Irardto  to  the  machine.  If  intended  for  a  mere  regulator,  it 
should  be  near  the  first  mover:  if  intended  to  accumulate  force 
fai  the  working  point,  it  should  not  be  for  separated  from  it 

It  is  certain,  that  a  fly  does  not  communicate  any  absolute 
increase  of  motion  to  the  machine;  for  if  a  man  or  any  animal, 
is  not  able  to  set  an  engine  in  motion  without  a  fly,  he  will  not 
be  able  to  do  it  though  a  fly  be  applied ;  nor  will  be  be  able  to 
keep  it  in  motion,  though  set  to  work  with  a  fly  by  means  of  a 
greater  power.  The  apparent  creation  of  power  by  a  fly  con* 
sists  in  its  accumulating  into  ona  moment,  the  exertions  of 
many.  A  man  caught  by  some  of  the  movements  of  a  countrv 
mill,  may  be  iostanUv  deprived  of  a  limb  or  of  life.  In  this 
case,  the  power  of  the  stream  is  conceived  to  be  prodigious, 
and  yet  we  are  certain,  upon  examination,  that  it  amounts  t^ 
^he  pressure  of  no  more  tlian  fifty  or  sixty  pounds;  but  this 
force  has  been  acting  for  some  time,  and  there  is  a  millstone  of 
a  ton  weight  whiiiing  twice  roimd  in  a  second;  the  eflect, 
therefore,  not  of  any  self-derived,  but  of  the  accumulated 
power,  is  enormous.  Contrivances  to  prevent  accidents  from  the 
force  of  machinery,  deserve  every  encouragement;  and  peiv 
haps  among  the  improvements  yet  to  be  made  in  practical 
mechanics,  tiiey  will  be  more  conspicuous  than  they  have 
bitheito  been.  It  has  been  asserted  that  in  the  neighbourhood  of 
Elbhwroda,  in  Hanover,  there  was  a  contrivance  which  disen- 
gaged the  miHstone  when  an;p  thin^  got  entangled  in  the  teeth 
of  the  wheels.  On  being  tried  with  the  head  of  a  cabbage,  it 
crushed  it,  but  not  viofently,  and  would  by  no  means  have 
broken  a  man^s  arm. 

The  resistance  which  the  air  opposes  to  any  body  in  motion, 
and  the  fnctkm  of  the  pivots  whicn  support  the  axis  of  a  flj, 
are  considerable  deductions  firom  the  power  communicated  to 
this  appendage  of  machinery,  so  that  instead  of  leallv  gaining 
power,  a  fly«whed  requires  a  constant  exertion  to  keep  it  in 
motion,  even  when  no  further  resistance  is  applied  to  prevent  it 
For  this  reason,  a  fly-wheel  should  never  be  mtrodnced  into  a 
machine  unless  the  advantages  to  be  derived  from  its  action  are 
greater  than  the  actual  Iom  of  power  it  occasions.  In  geaeml, 
whert  the  poivrer  if  lottimbiy  unifona  in  its  action,  if  the  resis« 
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Best  form  for  «  fly.— Method  of  calcalating  the  effect  of  a  fly. 

tance  can  be  made  so  too,  a  fly  is  not  necessary.  If  two  ham- 
mers  are  raised  at  the  same  moment  by  a  water* wheels  dorini^ 
the  interval  of  their  descent  much  power  would  be  lost,  unlesa 
it  were  coUebted  by  a  fly ;  but  if  the  two  hammers  or  any  other 
number,  were  raised  in  succession,  the  resistance  would  be 
rendered  nearly  as  uniform  as  with  a  fly-wheel,  without  its 
inconveniences. 

A  fly  for  the  accumulation  of  power,  should  be  constructed  to 

}>resent  the  smallest  resistance  to  the  air.  A  wheel  is  the  best 
brm ;  it  should  be  made  of  metal,  that  it  may  have  a  great 
weight  under  a  small  surface,  and  it  should  be  smooth  and 
truly  circuhir,  without  any  projecting  nuts*  If  the  transverse 
section  of  the  rim  be  a  circle,  and  the  transverse  sections  of  the 
arms  connecting  the  rim  with  the  centre,  be  ellipses,  piesenting 
their  thin  edge  to  divide  the  air,  the  fly  will  be  less  resisted  by 
the  air  than  under  any  other  form.  This  configuration  of  a  fly 
is  included  in  a  patent  taken  out  by  Murray  and  Wood,  of 
Leeds. 

Fly-wbeds  are  usually  made  of  iron ;  when  they  are  too 
large  io  be  cast  in  one  piece,  it  is  very  important  to  unite  the 
parts  in  the  most  subsUmtial  manner,  for  the  centrifugal  force 
of  a  great  wheel  in  rapid  motion  is  prodigious,  and  if  the  bolts 
be  insuflicient  to  withstand  the  strain  upon  them,  the  parts 
broken  oflf  will  be  projected  with  a  velocity  giving  them  the 
destructive  power  of  a  cannon  shot. 

Suppose  a  fly  be  employed  in  a  machine  required  to  raise  n 
pestle  ot  thirty  pounds  weight  to  the  height  of  one  foot  sixty 
times  in  a  minute ;  here  the  weight  of  a  fly  is  a  principal  object* 
and  its  eflect  is  calculated  by  a  comparison  with  the  weight  to 
be  raised.  Let  the  diameter  of  the  fly  be  seven  feet,  and  sup* 
posing  the  pestle  to  be  raised  once  by  every  revolution,  we  most 
then  consider  what  weight,  passing,  in  one  second,  through  a 
space  equal  to  the  circumference  of  the  fly,  which  is  about  S3 
feet,  will  be  equivalent  to  30  pounds  passing  through  one  feoi 
in  a  second.  Thb  will  be  90  divided  by  22,  or  l-^.  Were  a 
fly  of  this  kind  applied,  and  the  machine  set  in  motion,  il 
would  be  able  to  lift  the  pestJe  once  after  the  moving  power  was 
withdrawn;  but  by  increasing  the  weight  of  the  fly  to  ten, 
twelve,  or  twenty  pounds,  the  machine,  when  left  to  itself, 
would  make  a  considerable  number  of  strokes,  and  after  the 
incumbrance  of  the  fly  at  the  outset  was  overcome,  it  wouU  be 
worked  with  much  less  labour  than  if  no  fly  had  been  used. 
The  mocfe  of  calculation  here  adopted,  is  equally  applicable  to 
the  motion  of  pumps ;  but  the  weight  which  can  be  most  advan* 
tageously  given  to  a  fly  has  never  been  satisfactorily  determined. 
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Of  Friction. 

With  the  exception  of  a  few  iDcidental  remarks,  we  have 
kitherto  paid  no  attention  to  the  physical  properties  of  the 
materials  of  which  machines  are  composed,  and  of  the  altera^, 
tions  those  properties  occasion  in  their  effects.  This  was 
necessary,  to  disentangle  the  theory  from  the  constant  recurrence 
of  provisoes  and  limitations,  which  would  be  best  understood  if 
distinctively  considered ;  but  we  must  now  proceed  to  point  out 
the  impediments  to  the  perfect  action  of  machines^  and  the 
allowances  to  be  made  for  them. 

Among  the  various  physical  causes  which  occasion  a  differ- 
ence between  theory  and  practice,  with  respect  to  machines, 
the  two  following  may  be  considered  the  most  important  and 
most  general:  1.  The  weight  of  the  parts  composing  the  ma- 
chines. S.  Friction,  which  designates  the  obstruction  to  the 
motion  of  a  machine,  produced  by  the  resistance  of  the  air,  as 
well  as  that  produced  by  the  rubbing  of  one  part  a^inst  another. 
In  trying  experiments  toexemplify  the  theory  of  the  lever,  it  has 
been  shown  that  the  shorter  arm  must  be  made  as  heavy  as  the 
longer  arm,  otherwise  tliey  will  not  perfectly  succeed.  This 
shows  the  principle  on  which  allowances  must  be  made  for  the 
ireight  of  machinery,  and  how  this  cause  of  obstruction  may  be 
obviated.  Friction  i^,  however,  a  cause  of  obstruction  always 
present;  it  may  be  diminished  by  various  artifices,  but  never 
entirely  removed. 

Leslie,  in  his  valuable  work  on  the  nature  and  propagation 
of  heat,  adverts  to  the  cause  of  friction  in  a  very  able  manner. 
^^  If  the  two  surfaces,"  says  he,  ^^  which  rub  against  each 
other,  are  rough  and  uneven,  there  is  a  necessary  waste  of  force, 
occasioned  by  the  grinding  and  abrasion  of  their  prominencies; 
But  friction  subsists  after  the  contiguous  surfaces  are  worked 
down  as  regular  and  smooth  as  possible.  In  fact,  the  most  ela« 
borate  polish  can  operate  no  other  change  than  to  diminish  the 
size  of  the  natural  asperities.  The  surface  of  a  body  being 
moulded  by  its  internal  structure,  must  evidently  be  furrowed, 
toothed,  or  serrated.  Friction  is,  therefore,  commonly 
explained  on  the  principle  of  the  inclined  plane,  from  the  effort 
irquired  to  make  the  incumbent  wei|p;ht  mount  over  a  succes- 
sion of  eminences.  But  this  explication,  however  currently 
lepeated,  is  quite  insufficient.  The  mass  which  is  drawn  along 
is  not  continually  ascending ;  it  must  alternately  rise  and  fall: 
for  each  superncial  prominence  will  have  a  corresponding 
cavity;  and  since  the  boundary  of  contact  is  supposed  to  be 
liorizontal,  the  total  elevatiops  will  be  equalled  by  their  collate? 
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lal  depfesftions ;  conseqiicotiT,  if  the  btnal  forop  miclit  waSer 
a  pcipetoal  diminotion  in  lifiini^  up  ibr  urt^ hi,  it  woold,  die 
fti^U  BOfliTfit,  leceire  as  equal  incmite  bj  Idtu^  it  down 
aeaio ;  and  thoie  oppmde  efierls,  destrojiiii^  each  other,  coaid 
kive  BO  iDflofnoe  abaterer  oa  the  gcaeral  BMtioa. 

^'  Adhf^ion  letrps  aill  less  capable  of  accooatiap  far  the 
origin  of  fnctioo.  A  pnpmdicalar  foror  acting  on  a  solidy 
caa  eridentlj  bare  oo  eliect  to  impede  iu  prog  tea;  aad  thoagk 
tbui  hrteral  force,  owin?  io  the  onaToidaMe  iBei|oalitin  of 
contact,  may  besobjt-ct  to  a  certaia  ine^lar  obliqnitj,  the 
balance  of  chaoceti  muat,  on  the  abolr,  have  the  saaw  tendency 
Io  accelerate,  as  to  retard,  the  motion.  If  the  conterminom 
snrfiuxs  were,  therefore,  to  remain  abaoluteij  passive,  no  fric* 
tiott  ooold  erer  arise.  Its  existence  demonstrates  an  nnceasing 
BHitnal  change  of  fi^re,  the  opposite  planes,  dnnng  the 
passage,  continoally  sreking  to  accommodate  themselves  to  all 
the  minnte  and  accidental  varieties  of  contact.  The  one  snrAoe 
being  pressed  against  the  other,  becomes,  as  it  were,  compactly 
indented,  by  protruding  some  points  and  retracting  otbera. 
This  adaptation  is  not  accomplished  instantaneously,  bol 
requires  rery  difierent  periods  to  attain  its  aiariiRain,  ac» 
cording  to  the  nature  and  relation  of  the  substances  concerned. 
In  some  cases  a  few  seconds  are  sufficient;  in  others,  the  fall 
effect  is  not  produced  till  after  the  lapse  of  seveial  days. 
While  the  incumbent  maM  is  drawn  alimg,  at  every  stage  of  its 
advance,  it  changes  its  external  configuration,  and  approachei 
more  or  Icbs  towards  a  strict  contiguity  with  the  under  surfiu:e* 
Hence  the  effort  required  to  put  it  first  in  motion ;  and  hence, 
too,  the  decreaMd  measure  of  friction,  which,  if  not  deranged 
by  adventitious  causes,  attends  generally  an  augmented  rapicfi* 
iy.  This  appears  clearly  estaUtsbed  by  the  curious  experiments 
of  Coubmb,  the  most  original  and  valuable  which  nave  been 
made  on  that  interesting  suoject.  Fricikm  ctmsuis  m  the  force 
expended  io  raise  continualijf  ihr  surface  of  pressure  by  an  obUqwe 
action.  The  upper  surface  travels  over  a  perpetual  system  of 
inclined  planes ;  but  that  system  is  ever  changing,  with  alter* 
aate  inversion.  In  this  act,  the  incumlient  weight  makes 
incessant,  yet  unavailing  efforts  to  ascend ;  for  the  moment  it 
has  gained  the  summits  of  the  superficial  prominences,  tlicae 
sink  down  beneath  it,  and  the  adjoining  cavities  start  ap  into 
elevations,  presenting  a  new  series  of  obstacles  which  are  again 
to  be  surmounted ;  and  thus  the  labours  of  Sisiphus  are  realised 
in  the  phenomena  of  friction. 

^*  The  degree  of  friction  must  evidently  depend  on  the 
angles  of  the  aatund  protuberancesi  and  wbicli  aie  detennined 
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by  the  elementary  structure  or  the  mutual  relation  of  the  two 
approximate  Bubstaiices^  The  effect  of  polishing  is  only  to 
abrid|^  those  asperities  and  increase  their  number,  without 
altering  in  any  respect  their  curvature  or  inflexions.  The  con<* 
ttaat  or  successive  acclivity  produced  by  the  ever«vaiying 
adaptation  of  the  contiguous  surfaces  remains,  therefore^  the 
same,  and  consequently  the  expense  of  force  will  still  amount 
to  the  same  proportion  of  the  pressure.  The  intervention  of  a 
coot  of  oili  soap,  or  tallow,  by  readily  accommodating  itself 
to  the  variations  of  contact,  must  tend  to  equalize  it,  and 
therefore  must  lessen  the  angles,  or  soften  the  contour,  of  tha 
successively  emerging  prominencies,  and  thus  diminish  like* 
wise  the  friction  which  thence  results." 

The  friction  ot  a  single  lever  is  very  trifling.  The  frictioa 
of  the  wheel  and  axle  is  in  proportion  to  the  weight,  velocity, 
and  the  diameter  of  the  axle;  the  smaller  the  diameter  of  tha 
axle,  the  less  will  be  the  friction. 

Pulleys  have  very  great  friction,  on  account  of  the  small* 
nesa  of  their  diameters  in  proportion  to  that  of  their  axles,  and 
their  friction  is  greatly  increased  when  they  bear,  as  they  aie 
very  apt  to  do,  against  their  blocks,  and  when  their  centres  and 
axles  are  worn  untrue. 

The  friction  of  bodies  is  in  general  proportionate  to  their 
weight,  or  the  force  with  which  their  rubbing  surfaces  are 
preyed  together ;  and  is  for  the  most  part  equal  to  between 
one-half  and  one«fourth  of  that  force.  Friction  does  not  in« 
orease  much  with  an  increase  of  surface,  although  it  does  ia 
aome  degree.  It  also  increases,  with  some  exceptions,  in  propor<- 
lion  to  the  velocity  of  bodies,  particularly  when  very  different 
substances  are  employ«l  without  an  unguent. 

According  to  Emerson,  when  a  cubical  piece  of  soft  wood 
of  eight  pounds  weight,  moves  upon  a  smooth  plane  of  soft 
wood,  at  the  rate  of  three  feet  per  seccmd,  its  friction  is  about 
one-third  of  its  weiirht ;  but  if  it  be  rough,  the  friction  is  little 
less  than  half  the  weight:  on  the  same  supposition,  when  botk 
the  pieces  of  wood  are  very  smooth,  the  friction  b  about  one* 
fourth  of  the  weight;  the  triction  of  soft  wood  on  hard,  or  of 
liard  wood  on  sott,  is  one«iinh  or  one-sixth  of  the  weight;  of 
bard  wood  upon  hard  wood,  one-seventh  or  one«eighth:  of 
polifthed  ^leel  moving  on  steel  or  pewter,  one»fourth ;  moving 
eo  copper  or  leail,  one- filth  ot  the  ii eight. 

It  was  generally  supposed,  that  in  the  case  of  wood,  the 
frtctiao  is  greatest  ^iben  the  bodies  are  dragged  contrary  to  the 
coarse  of  their  fibres ;  but  the  experiments  of  CoakMsb  demon- 
strate the  contrary. 
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The  longer  the  nibbinfif  surfaces  remain  in  contact,  the 
greater  is  their  friction.     When  wood  was  moved  upon  wood 
according  to  (he  direction  of  the  fibres,  the  friction  was  increas- 
ed by  keeping  the  surfaces  in  contact  for  a  few  seconds ;  and 
when  the  time  was  prolonged  to  a  minute,  the  friction-  seemed  to 
have  reached  its  farthest  limit.    But  when  the  motion  wts 
performed  contrary  to  the  course  of  the  fibres,  a  greater  time 
was  necessary  before  the  friction  arrived  at  its  maximum.    Whea 
wood  was  moved  upon  raetal,^  the  friction  did  not  attain  its  maxi* 
mum  till  the  surfaces  continued  in  contact  for  four  or  five  days; 
and  it  is  very  remarkable,  that  when  wooden  surfaces  were 
anointed  with  tallow,  the  time  requisite  for  producing  the  greatest 
quantitv  of  friction  was  increased.     The  increase  of  friction 
which  IS  generated  by  prolonging  the  time  of  contact  is  so  great, 
that  a  body  weighing  1650  pounds  was  riioved  with  a  force  of 
64  pounds  when  first  laid  upon  its  corresponding  surface.   Afler 
having  remained  in  contact  for  the  space  of  three  seconds,  it 
required  160  pounds  to  put  it  in  motion,  and  when  the  time 
was  prolonged  to  six  days,  it  could  scarcely  be  moved  with 
a  force  of  622  pounds.     When  the  surfaces  of  metallic  bodies 
were  moved  upon  one  another,    the  time  of  producing  the 
greatest  effect  or  maximum  of  friction  was  not  changed  by  the 
interposition  of  olive  oil ;  more  time^  however,  was  required  to 
produce  the  maximum,  when  swines'  grease  was  employed  as  an 
unguent ;  and  it  was  prolonged  to  five  or  six  days  when  the 
surfaces  had  been  besmeared  with  tallow. 

In  wood  rubbing  upon  wood,  oil,  grease,  or  black-lead, 
properly  applied,  makes  the  friction  two-thirds  less.  Wbedl 
naves,  when  greased,  have  not  more  than  one-fourth  of  the 
friction  they  would  have  if  only  wetted. 

When  polished  steel  moves  on  steel  or  pewter,  properly 
oiled,  the  friction  is  about  one-fourth  of  the  weight;  on  copper 
4>r  lead,  one-fifth  of  the  weight;  on  brass,  one-sixth;  and 
metals  have  more  friction  when  they  move  on  metals  of  the 
same  kind,  than  when  they  move  on  difierent  metals.  This 
seems  principally  owing  to  the  superior  strength  of  the  attractiot 
of  cohesion  between  similar  metals.  It  is  always  desirable^ 
therefore,  to  make  the  parts  of  machines  opposed  to  or  working 
in  each  other,  of  different  materials;  thus,  in  clocks  and 
watches,  the  wheels  are  brass,  and  the  pinions  steel,  and  iroa 
axes  are  made  to  work  in  brass  or  bell-metal  collars.  The  axes 
of  wheels  should  also  be  made  as  small  as  the  weight  they  have 
to  bear  will  allow;  because  the  diminution  of  the  sorfaces 
mbbinff  against  each  otbcTy  will  be  attended  with  a  diminutioft 
af  the  fri^ion. 
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Vince^s  experiments  od  friction. — Coalomb>i  experiments. 

According  to  Vince's  experiinents^  which  were  made 
with  great  care,  and  frequently  repeated,  the  friction  of  hard 
bodies  in  ni<ytion  is  a  uniformly  retarding  force.  Experiments 
were  instituted  to  determine  whether  the  same  law  obtained 
when  the  bodies  were  covered  with  cloth,  woollen,  &g.  and  it 
Iras  found,  in  all  cases,  that  the  retarding  force  increased  with 
the  velocity ;  but  on  covering  the  bodies  with  paper,  the  results 
agreed  with  those  before  stated.  By  other  experiments,  the 
same  philosopher  found,  that  the  quantity  of  friction,  contrary 
to  prevailing  opinion,  increased  in  a  less  ratio  than  the  quantity 
or  weight  oi  the  body;  also  that  the  smallest  surface  has  the 
least  friction.  It  may  be  proper  to  describe  the  apparatus  by 
which  these  results  were  obtained:  a  plane  was  adjusted 
parallel  to  the  horizon ;  at  the  extremity  was  placed  a  pulley, 
which  could  be  elevated  or  depressed,  so  as  to  render  the  string 
irhich  connected  the  body  and  the  moving  force,  parallel  to  the 
plane.  A  divided  scale  was  placed  by  the  pulley,  perpendicular 
to  the  horizon;  and  the  moving  force  descended  by  the  side  of 
this  scale.  A  moveable  stage  was  placed  upon  the  scale,  which 
could  be  adjusted  to  the  space  through  which  the  moving  force 
descended  in  any  given  tune,  which  time  was  measured  by  a 
weiUregulated  pendulum,  vibrating  seconds. 

According  to  Coulomb's  experiments,  which  were  conduct^ 
ed  on  a  large  scale,  and  are  therefore  much  relied  on,  the 
friction  of  Iignum«vitas  cylinders,  two  inches  in  diameter,  and 
loaded  with  one  thousand  pounds,  was  18  pounds,  or  neariy-^V 
of  the  weight  or  force  of  pression.  In  cylinders  of  elm,  the 
friction  was  greater  by  -{>,  and  was  scarcely  diminished  by  the 
interposition  of  tallow.  From  a  variety  of  experiments  on  the 
friction  of  the  axes  of  pulleys,  the  following  results  were  ob^ 
tained;  when  an  iraa  axle  moved  in  a  brass  bush  or  bed,  the 
friction  was  •(-  of  the  pression ;  but  when  the  bush  was  besmeared 
with  very  clean  tallow,  the  friction  was  only  •^•^  when  swine's 
grease  was  interposed,  the  friction  was  about  \^  and  when 
olive  oil  was  employed,  it  was  about  -f .     When  the  axle  was  of 

green  oak,  and  the  bush  of  lignum«vitae,  the  friction  was  Vr  when 
tallow  was  interposed ;  but  when  the  tallow  was  removed,  so 
that  a  small  <]|uantity  of  grease  only  covered  the  surfiice,  the 
friction  was  mcreased  to  Vr*  When  the  bush  was  made  of 
elm,  the  friction  was,  in  similar  circumstances,  -rr  <^  iVi 
which  is  the  least  of  ail.  When  the  axle  was  made  of  box,  and 
the  buffh  of  lignum-vitas,  the  friction  was  •rr  &n<]  it?  circum- 
stances being  the  same  as  before.  If  the  axle  be  of  boxwood^ 
and  the  bush  of  elm,  the  friction  will  be  rr  ^^  n »  and  if  the 
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axle  be  of  iron,  and  the  bush  of  dm,  the  friction  will  be  7^  of 
the  force  of  pression. 

In  calcolatin^  the  force  of  an  engine,-  friction  should  never 
be  overlooked.  Though  it  varies  so  much  with  circumstances^ 
that  it  is  not  yet  reduced  to  certain  rules,  still  the  specific 
details  we  have  given  will  enable  the  young  mechanic  to  come 
tolerably  near  the  truth,  in  ascertaining  its  amount,  at  each  part 
of  a  machine  according  to  the  pressure,  surface,  and  materials) 
and  as  he  goes  along  from  the  power  to  the  resistance,  he  must 
consider  these  amounts  as  actual  deductions  from  the  advantage 
of  tlie  n>achine.  It  roust  be  understood,  that  the  amount  of 
friction  stated  in  this  section,  will  apply  only  to  ipachines  that 
are  well  made;  the  loss  of  power  that  may  be  occasioned  by 
bad  workmanship  is  incalculable,  and  as  bad  workmanship  may 
exist  when  it  is  not  perceived,  no  conjectural  calculation  should 
be  relied  on,  when  the  real  loss  of  power  can  be  obtained  by 
experiment. 

One  general  rule  of  preventing  friction,  is  io  substitutef 
whenever  it  is  possible,  the  rolling  for  the  sliding  rootbo* 
Every  one  knows  that  a  weight  which  the  afNplication  of  a  given 
force  cannot  drag,  may  be  easily  drawn  along  by  the  sanHr 
force,  if  mounted  upon  wheels  turning  on  their  axes.  On  this 
principle  depends  tlie  utility  of  what  are  called  friction  rollers, 
which  are  small  cylinders  or  spheres  interposed  so  as  to  revolva 
between  surfaces  that  would  otherwise  rub  upon  each  other ;  or 
small  wheels  so  disposed  that  the  pivots  of  larger  wheels  revolva 
upon  their  circumferences,  instead  of  turning  in  a  bosh  or 
socket.  Three  wheels,  it  is  obvious,  if  they  touch  the  different 
aides  of  the  pivot  in  three  points  equidistant  from  each  other, 
will  support  it  as  effectually  as  a  cylindrical  socket,  whicil 
wouU  have  far  greater  friction.  When  the  motion  to  wbidi 
these  rollers  or  wheels  are  subjected,  is  equal  and  steady;  the 
use  of  them  will  often  be  productive  of  permanent  advantages 
bat  when,  as  for  the  axietrees  of  carriages,  they  are  subject  to 
▼iolent strains,  jolts,  and,  occasionally  at  least,  to  eaormoua  piea* 
anras,  they  are,  however  excellent  in  principle,  seldom  toamd 
of  mttch  practical  utility,  ai|d  are  often  positively  i^juriouat 
for  they  and  the  paKs  bearing  upon  them,  either  do  not  reoeive 
fiiom  the  workman  the  precise  figure  they  ought  to  have,  or  iif 
veil  made,  they  wear  so  unequally  as  soon  to  lose  thai  conMt^ 
Mss  of  figttft  wUoh  is  ioseiiatablo  from  their  value. 
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Variableness  of  the  force  exerted  by  a  man  at  a  winch. 


Of  the  AppUcatium  of  Men  and  Horses^  as  moving  Powers  in 

Machinertfy  ^c. 

A  man  turning  a  horizontal  windlass  by  a  handle  or  winch, 
should  not  have  to  exert  a  greater  force  than  SO  pounds,  if  he 
have  to  work  ten  hours  a  day ;  therefore  the  power  exhausted 
by  friction,  the  stiffness  of  ropes,  and  the  intensity  of  the  resis- 
tance, should  not,  all  together,  require  more  than  a  force  of  90 
pounds  to  overcome  them. 

In  the  operation  of  turning  a  winch,  the  effect  of  a  man*s 
force  varies  in  every  part  of  the  circle  described  by  the  handle. 
The  greatest  force  is  when  he  pulls  the  hamile  upwards  from 
about  the  height  of  his  knees ;  and  the  least  force,  when,  the 
handle  being  at  the  top,  he  thrusts  from  him  horizontally;  then 
again  the  effect  is  increased  as  he  lays  on  his  weight  in  pushing 
downwards ;  but  that  action  is  not  so  great  as  when  he  pulls  up, 
because  it  is  merely  produced  by  the  weight  of  his  body, 
whereas,  in  pulling  up,  he  can  exert  his  whole  strength.  In 
pulling  the  handle  horizontally,  when  at  its  lowest,  the  force 
exerted  is  verv  small. 

The  weight  of  a  man  of  moderate  strength,  may  be  stated 
at  140  pounds,  and  such  a  person  may  be  considered  capable  of 
exerting  the  following  forces,  viz*  in  the  strongest  point,  or  that 
position  of  the  winch  which  is  most  favourable  to  him,  a  force 
equal  to  160  pounds;  in  the  weakest,  a  force  equal  to  ST 
pounds ;  in  the  next  strong  point,  ISO  pounds ;  and  in  the  last, 
or  second  weak  point,  SO  pounds.  The  sum  of  these  forces  is 
847,  which,  divided  by  4,  gives  84f  pounds  for  the  weight 
that  a  man  might  lift  by  a  winch,  if  he  could  exert  his  whole 
strength  continually,  without  stopping  to  take  breath;  but  this 
being  impossible,  the  weight  must  return,  and  overpower  hira 
at  the  first  weak  point,  especially  when  the  handle  moves 
stowly,  as  it  must,  if  he  would  exert  his  utmost  strength  all 
jround.  Besides,  in  overcoming  such  a  resistance,  the  man  is  in 
theory  supposed  to  act  always  along  the  tangent  of  the  circle  of 
motion,  which  application  of  his  force  is  not  practicable; 
and  there  must  also  be  such  a  velocity  given,  that  the  force 
applied  at  the  strong  points  may  not  be  spent  before  the  hand 
comes  to  the  weak  ones,  which  is  a  regulation  of  exertion  also 
unattainable;  hence,  when  no  adventitious  advantages  are 
superadded,  the  resistance ousrht  to  be  no  more  than  SO  pounds. 
If  a  fly  be  added  to  the  windlass,  when  the  motion  is  pretty 

S|uick,  as  about  four  or  five  feet  per  second,  a  man  may  exert 
or  a  short  time  a  force  of  80  pounds^  and  work  a  whole  dhy 
against  a  resistance  of  40  pounos. 
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If  the  windUs  be  proTkkd  vilh  Ivo  handles,  one  at  tmch 
extremity,  and  Ike  cftbows  of  tbe»e  IniKiles  aie  at  right  asfrles ' 
to  each  other,  two  men  will  more  casilj,  for  the  oair  Iragth  of 
time,  act  agaioit  a  ooastant  mistance  of  70  poMwfa,  than  a 
■ingle  man  agaimt  30  pouds;  far  <me  roan  will  act  at  ihesUoiij^ 
nt  point  while  the  other  acts  at  the  weakest  point  of  the  leroliH 
taon,  and  thos  thcj  will  mntnallj  and  soccessirelj  help  one 
another.  The  ntititj  o£  this  disposition  of  the  handles  is  nov 
generailj  known  and  attended  to^  bot  it  was  focmcrij  little 
thoeirht  of. 

The  whole  art  of  carrying  large  hnrdensoiNisists  in  keqmig 
the  column  of  the  bodjasdiiedUj  underthe  weight  andasnprigbt 
as  pofibibie.  Standing  in  his  nateral  posture,  a  man  can  support 
a  weight  which  would  bieak  the  back  of  the  strongest  horse. 
The  reason  is  evident :  the  column  of  the  man's  bona  support  the 
weight  directly ;  but  the  weight  is  laid  acrom  the  column  of  the 
bone.  The  more  a  man  befids  his  body,  the  less  weight  he 
can  support;  hence  two  men  carrying  a  load,  can  sustain  much 
mtxe  than  double  the  weight  which  either  of  them  coidd  carry 
separately,  because  they  can  move  more  upright,  and  with  the 
column  of  their  bones  more  opposed  to  it.  Chairmen  having 
straps  from  their  shoulders  to  the  poles  of  the  chair,  will  walk 
with  dOO  pounds  (that  b  150  pounds  each)  at  the  rate  of  four 
miles  an  hour*  A  porter  wiU  carry  upon  his  shoulders  a  load 
of  180  pounds,  and  walk  at  the  rate  of  three  miles  an  hour :  a 
coal  heaver  will  carry  230  pounds,  but  he  only  goes  to  a  short 
distance  with  his  load.  In  rowing,  men  exert  their  strength 
with  great  etkd ;  and  they  more  usually  draw  the  oar  to  itoa 
than  push  it  from  them,  because,  in  the  former  case,  they  can 
brinir  ioto  action  a  greater  number  of  muscles,  and  experience 
quicklv  convinces  them  of  the  best  mode. 

A  horse  draws  with  the  greatest  advantage,  when  the  line 
of  draught  is  not  level  with  bis  breast,  but  inclines  upwards^ 
making  a  small  angle  with  the  horizontal  plane. 

A  horse  drawing  a  weight  over  a  single  pulley,  can  exert  a 
force  of  200  pounds,  while  walking  at  the  rate  of  two  miles  and 
a  half  per  hour,  or  about  three  ieet  and  a  half  per  second.  If 
the  same  horse  have  to  draw  240  pounds,  he  can  work  but  six 
hours  a  day,  and  cannot  go  quite  so  fast.  To  this  mode  of 
exertion  may  be  referred  the  working  of  horses  in  all  sorts  of 
mills,  in  calculating  the  probable  efiect  of  which,  previous  to 
their  being  erected,  after  making  the  necessary  allowances  for 
all  irictions  and  hinderances,  the  tatk  assigned  to  the  hono 
should  be  carefully  determined. 
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The  force  with  which  a  boise  acts,  is  oonipoanded  of  his 
weight  and  muscular  strength.  If  then  the  weight  of  one 
horse  exceed  that  of  another  to  which  it  is  inferior  with  respect 
to  strength,  the  weaker  hoise  will  overcome  a  resistance  which 
the  stronger  cannot,  provided  the  excess  of  his  weight  in  the 
smallest  wgree  exceeds  his  deficiency  in  strength. 

When  a  horse  draws  in  a  mill  or  gin  of  anj  kind,  great 
care  should  be  taken  that  the  horae»waIk,  or  circle  in  which  he 
moves,  be  iarm  enough  in  diameter,  otherwise  he  cannot  exert 
all  his  strength :  for  in  a  small  circle,  the  tangent  in  which  he 
draws,  deviates  more  from  the  circle  in  which  he  is  obliged  to 
go  than  in  a  hrger  circle*  The  cfiaroeter  of  the  horse* walk 
should  never,  if  possible,  be  less  than  forty  feet.  In  a  walk  of 
nineteen  feet,  it  has  been  calcuhited  that  a  horse  loses  two-fifths 
of  his  strength* 

A  hone  exerts  his  force  to  the  greatest  disadvantage  in 
drawing  or  carrying  up  a  hill.  The  human  form  is  so  much 
better  adapted  for  climbing  than  that  of  a  horse,  that  if  the 
biB  be  steep,  three  men  wUl  do  more  than  a  horse;  each  man, 
loaded  witn  100  pounds,  will  move  up  faster  than  a  horse  that 
is  loaded  with  800  pounds.  But  one  horse  can  give  motion  to 
the  horisontal  beam  in  a  walk  of  fort^  feet,  with  as  much  ease 
as  five  men ;  in  a  walk  of  nineteen  feet,  three  men  would  exert 
themselves  with  as  much  effect  as  a  horse. 

The  term  mHl  originally  signified  a  machine  for  grinding 
com;  but  at  present  the  expression  mill-work  is  frequently 
applied  to  all  kinds  of  machinery  where  large  wheels  are 
employed. 

MiUs  are  distinguished  into  various  kinds,  either  according 
to  the  powers:  by  which  they  are  moved,  or  the  uses  to  which 
they  are  applied ;  hoice  we  have  water^mUliy  kone^milli,  and 
wiml-mihi  com^mUUj  fulling^ndliij  pamdar^miUsy  barwg-miUf^ 
Ac.    These  appellatkms,  indefiaite  as  they  are,   answer  the 

Enrpose  of  common  convemtion ;  but  it  is  evident,  that  a  mill 
I  not  completely  muncd,  unless  its  use  as  well,  as  its  motive 
force,  isdoignated. 

In  ancient  tisoes,  com  was  ground  only  by  hand  mills,  con- 
sisting of  two  stones,  simHar  to  those  used  in  water-mills,  but 
much  smaller,  the  lower  one  being  fixed,  and  the  upper  one 
having  a  piece  of  wood  fastened  into  it  to  move  it  by.  Ther 
ave  said  to  be  still  used  in  some  sequestered  parts  of  Scotland, 
where  they  are  called  quemt;  but  wherever  large  quantities  of 
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lilr  alerHnilb  are  of  thiae  hincb, 
noHsf  aad  cfcenhd^aUUf  aoooidiag  to  the  ■aaacr  ia  vhkh  tha 
water  k  ap^iad  to  the  great  wheat  la  the  fint,  the  water  iaHa 
down  apoa  the  whed  at  right  aaglei  to  the  ioat4ioaidt  at 
bncfceU  placed  all  fomid  the  whed  ta  reoeiva  it.  Ia  the 
•aoond,  which  m  mtd  ygken  these  is  aa  frll  hf£  a  oonsdenbla 
hodj  of  water,  the  eticaa  itrikes  the  flaat  baaids  at  the  hi! 
part  of  the  wheel.  Ia  the  third,  the  water  ii  pawed  on 
top,  and  k  aeeeiTed  in  backets  CmwoI  all  roand  the  whed* 

It  was  the  opinion  cf  Smeaton,  that  the 
io  piodnoe  the  saoK  efieci  on  an  nndenhe 
whed,  and  an  orcrshat-whed,  mnii  be  ta  each  other  as  the 
nambenS.*,  1.75,  and  1. 

Theeflect  or  naaaentnai  of  water  dqiendhig  joiafly  wpon 
its  Telocity  and  its  qnantitf,  it  ii  of  nnpnstanre  to  aseeriain^ 
theie  particahtts;  Ur.  Iksagdien  has  given  the  fcHowing 
easy  directions  for  the  parpoM:  Observe  a  phoa  where  the 
beaks  of  the  river  are  steep,  and  nearly  paralld,  so  as  to 
make  a  kind  of  tniogh  for  the  water  to  ran  tnroogh;  thea  by 
taUag  the  depth  in  various  parts  of  the  tCreaa's  breadth, 
obtain  a  correct  seation  of  the  nver.  Stretch  one  Kaeoier  Mai 
ri|^t  aogks,  and  another  at  a  small  dwtanoe  abonre  or  bdow^ 
but  oerfectly  paralld.  Now  throw  in  some  buoyant  body 
(sncn  as  an  apple,  which  will  noi  flsai  so  li%;h  as  to  be  aflbded 
by  the  wind)  immediately  above  the  upper  liae :  obssrve  the 
tiaie  it  ooenpics  in  pawing  from  one  io  the  other  string.  Urns 
yon  ascertain  how  nuuiy  feet  the  corrent  runs  in  a  seom,  or  in 
a  minate.  Thea  hariiig  the  two  sections,  thai  is,  one  at  each 
line,  reduce  them  io  a  mean  or  average  depth,  aad  coaspnta 
the  aica  of  the  amaa  section,  which  Ung  maitiplied  by  tlm 
distance  between  the  lines,  will  give  the  salid  contents  of  the 
intermediate  Tolnme  of  fluid,  which  in  the  noted  timepassed 
from  oae  string  to  the  other.  Now  this  way,  by  tha  rate  of 
^Ine^  is  adapted  to  any  portion  of  ttma;  the  qnestion  being 
nerdy,  if  the  vdocity  be  sndi  in  such  an  area,  or  taongh^ 
what  would  bethevdocity  in  another  of  lemsiaeb  likobvioos, 
that  if  tha  area  giTe  twdve  solid  fed,  and  that  tha 
%t  the  rste  of  four  feet  in  a  sacood,  thrbogh  a  co 


MECHANICS.  347 


Rales  for  the  constrvction  of  mills. 


foot  sciuare,  if  the  conduit  were  only  six  inches  square,  the 
velocity  would  be  as  sixteen  to  four ;  or  in  other  words,  quad- 
rupled. 

The  arch  of  a  bridge  is  often  an  excellent  station  for  obserying 
the  force  of  a  stream ;  because  the  sides  are  there  regular,  and 
the  intermediate  space  may  be  correctly  measured.  But  the 
depth  is  not  always  to  he  asoertaincx]  in  such  places  without 
the  aid  of  a  boat,  or  of  two  intelligent  assistants,  who  should 
be  very  correct  in  their  observations.  The  arch  of  a  bridge  Is 
not  a  proper  station,  when  the  rdocity  of  the  current  is  accele- 
rated for  want  of  sufficient  water-way. 

Practical  Rules  and  Observaiiong  rehiive  to  the  Construttion  of 

JTater^Mm. 

1 .  Measuie  the  perpendicular  height  <^(  the  fall  of  water, 
in  feet,  above  that  part  of  the  wheel  on  which  the  water  bigiris 
to  act,  and  call  that  the  height  of  the  fell. 

S.  Multiply  this  cimstant  number  64,9888  by  the  height 
of  the  fell  in  feet,  and  the  square  root  of  the  product  will  be 
the  Telocity  of  the  water  at  the  bottom  of  the  fall,  or  the  nunt- 
ber  of  feet  that  the  water  there  motes  per  secoifd. 

3.  Divide  the  velocity  of  the  water  by  tbvee,  and  the  quo- 
tient will  be  the  velocity  of  the  float-boards  of  the  whed,  or  the 
number  of  feet  they  must  each  go  through  in  a  second,  when 
the  water  acta  upon  them  so  as  to  have  the  grealest  power  to 
turn  the  mill. 

4.  Divide  the  circumference  of  the  Vfhed  in  feet  by  the  velo- 
city of  its  floats  in  feet  per  second,  and  the  quotient  will  bstbe 
number  of  seconds  in  which  the  wbeet  turns  round. 


5.  fiv  this  last  number  of  seconds  divide  60,  and  the  quo- 
tient will  be  the  number  of  turns  of  the  wheel. in  a  minute. 

6.  Divide  120  (the  number  of  revolutions  a  milUstoiie 
four  feet  and  a  half  in  diameter  ought  to  have  in  a  roiaute)  by 
fhe  number  of  turns  of  the  wheel  in  a  minute,  and  tile  quotient 
will  be  the  number  of  turns  the  mill-stone  ought  to  have  for  one 
turn  of  the  wheel. 

7.  Then,  as  the  number  of  turns  of  the  whed  in  a  minute  is 
to  the  numoer  of  turns  of  the  roill-stone  in  a  minute,  so  must 
the  number  of  staves  in  the  trundle  be  to  the  numbed  of  cogp 
in  the  whed,  in  the  nearest  whole  numbers  that  can  be  found. 

Bv  tihese  rules,  the  following  table  is  calculated  to  a  water- 
wbeel  dgfateen  feet  in  diameter,  which  size  has  been  found  by 
experience  to  be  the  most  eligible  for  general  use. 
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The  SnihDrighes  Table. 
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1 

To  construct  r  niU  by  this  table,  find  tb^  hei|(bi  of  the  fidl 
of  water  in  the  first  column,  and  against  that  height  in  the  sixth 
column^  is  given  the  number  of  cogs  in  the  wbm  and  Mafea  hi 
the  trundle,  for  causing  a  millstone  four  feet  six  inchca  in 
diameter,  to  make  120  revolutions  in  a  minute  aa  nearly  as 
possible,  when  the  circumference  of  the  wheel  moves  with  ona^ 
third  part  of  the  velocity  of  the  water.  And  it  appeam  by  the 
fcventn  column,  that  the  number  of  cogs  in  the  wheel,  and 
staves  in  the  trundle,  are  so  nearly  adapted  to  the  jequiied  pur* 
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po8e«  that  the  least  number  of  ferolations  of  the  milMone  in 
a  minute  is  118,  and  the  greatert  number  exceeds  not  IS], 
which  is  according  to  the  spml  of  some  of  the  best  mills. 

It  should  be  cmerred,  that  the  breadth  of  the  water-wheel 
ought  to  correspond  with  tlie  power  necessaiy  on  the  occasion, 
supposing  that  a  proportionate  volume  of  water  is  at  comnmnd ; 
for  a  wImI  of  two  feet  in  breadth  will  be  more  than  doubly  as 
powerfiil  as  one  only  a  foot  broad,  there  being  a  double  volume 
of  water  acting  upon  it,  while  the  friction  of  the  axis  is  by 
no  nneans  douUed  by  the  added  breadth. 

To  compute  the  effects  of  water-wheels  with  precision,  it  is 
necessary  to  ascertain,  1.  The  real  velocity  of  the  water  whidh 
acts  upon  the  wheel ;  9.  the  quantity  of  water  expended  in  a 
given  time ;  and  3.  how  mudi  of  the  power  is  lost  by  fricthm. 
After  a  varietv  of  experiments,  Smeaton  found  that  the  mean 
power  of  a  volume  of  water  15  inches  in  hdglit  gave  8.96  feet 
of  vdocity  in  each  minute  to  a  wheel  on  which  it  impineed. 
The  computation  of  Uie  power  to  produce  such  an  eflbct,  aUow- 
iBg  the  hnd  of  water  to  be  105.8  inches,  gave  864.7  pounds  of 
water  descending  in  one  minute  through  the  space  of  15  inches : 
thet^ove  S64.7,  multiplied  by  15,  was  equal  to  3,970.  But 
as  that  power  will  raise  no  more  than  9.375  pounds  to  the 
height  of  135  inohes,  it  was  manifest  that  the  major  part  of 
the  power  was  lost ;  for  the  multiplication  of  these  two  svms 
only  amoimted  to  1,966;  of  course  the  friction  was  equal  ta 
thre^fourtbs  of  the  power.  The  distinguished  Emj^ineer  above* 
mentioned,  considers  this  the  maximum  single  e&ct  of  water 
upon  an  undershot  wheel,  wheie  the  fall  is  fifteen  inches.  The 
lemaiadcr  of  power,  it  is  plain,  must  be  equal  to  that  of  the 
velocity  of  the  wheel  itself,  multiplied  into  the  weight  of  the 
water,  which  in  this  case  brii^  the  true  pfopottion  Ixtween  the 
power  and  the  eflect  to  be  as  3,849  to  1,966,  or  as  11  to  4. 

Care  should  be  taken  to  make  the  float^boards  rather  nomeiw 
ooa  than  few.  Smeaton  found,  that  in  undershot  mills,  when 
be  reduced  the  number  of  floats  from  twenty^fomr  to  twelve, 
the  eftct  was  reduced  one*half,  because  the  water  escaped 
between  the  floats  without  touching  them  $  but  when  he  added 
a  circular  sweep  of  such  length,  that  before  one  float-board 
quilted  it  another  had  entaed  it,  he  found  the  former  effiict 
aearl  V  restored.  This  mode  more  particularly  applies  to  breast- 
whecw,  or  such  as  receive  the  water  immdliately  below  the 
level  of  the  axis.  In  such  the  circular  trough  is  noceanry,  to 
make  the  water  oemmunieate  the  full  eflect  desirable  firom  the 
joiai  operatioo  of  velocity  and  weight.  In  wheeb  of  this  kind, 
the  fltat4)omrda  Aould  be  oonflned  both  at  their  sides  pod  al 
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ihekf  MtremiAics,  so  that  the  water  mnj  acoompAtty  them  all 
the  way  from  the  heed  down  to  the  lowest  part  of  the  wheel, 
whence  it  shoold  draw  off  with  nuSdent  vminesa  to  allow  the 
jucbeediog  fall  to  supply  its  place,  without  being  in  the  least 
retarded.  Any  quantity  of  water  renKiimng  in  the  troagb,  at 
4be  bottom  of  a  bieast-wheel  in  particular,  roust  lend  to  oppose 
its  motion,  in  the  exact  ratio  with  the  disposition  of  the  fluid  to 
faeoMDe  stitfnant  or  stationary.  It  has  been  ascertained  that  a 
very  sensiiw  adraotage  is  gained  by  inclining  the  flaat*lmard» 
to  the  radius  of  the  wheel,  so  that  each  float4>oard,  when  lowest, 
ahall  not  be  yertical,  but  hw9e  its  edge  turned  op  the  stream 
about  twenty  d^recs. 

The  overshot^wlieel  is  by  for  the  most  powerful;  both 
because  it  receives  the  water  at  the  very  commenoemcAt  of  tta 
descent,  and  because  the  buckets  with  which  it  is  otdiuarify 
lumiBhed  setain  the  power  so  long,  the  water  bmg  gradually 
discharged,  as  these  bwckets  successively  become  iufm^  parts  of 
the  circumstance.  It  uiay  be  proper  to  state  in  this  place,  that 
teuch  may  be  efiectod  br  allowing  the  water  merdFto  flow  upon 
the  tt|iper  part  of  the  wheel,  into  the  superior  backets,  whereby 
an  immense  iiuxiliaiT  force  is  erected  as  tney  successivdy  become 
fiUtd.  Add  to  this,  SmtetonV  discoveiy,  that  *<  tb^  mom 
^wly  any. body  descends  by  the  force  of  gravity ,«  while  acting 
«pea  any  piece  of  machinery,  the  move  of  that  force  will  be 
sTCttt  upon  it^  and  consequently  the  eflbct  wfll  be  the  greater/' 
TiuA  efflBct  is  by  no  means  increased  in  proportion  to  the  v«^ 
city  of  the  wheeTs  motion ;  on  the  oontmry,  SsMafon  found, 
that  when  the  wheel  with  which  he  experimented,  and  which  WAt 
two  bet  in  diaaader,  revirfved  SO  times  in  a  minute.  Its  eitwt 
w^  greatest  i  when  it  made  only  18|  turns,  the  eflbct  was  irro* 
ftthurt  and  when  ap  bden  as  not  to  make  18  turns,  the  wheel 
was  averpoweved  b^  the  load.  He  found  that  90  turns  In  the 
minnle  occasioned  a  loss  of  about  one-twentieth,  and  that 
when  turned  80  times  in  a  minute,  the  diminntion  of  eflbot  was 
nmriy  oao-fonrtb  of  ita  powers.  This  proportion  may  be  easily 
animated  on  any  wheel  of  greater  extent,  by  oompoting  tM 
^dportion  of  accumulated  power  lost  by  greater  vetocily  than 
may  be  sufficient  to  load  the  wheel  by  m^ans  of  the  bucheia 
being  filled ;  observing  that  the  pnwpess  of  a  machine  may  be 
so  much  retarded  as  to  cause  the  e&ct  to  be  irrebvaot  of  th^ 
pofMse,  although  the  machine  may  be  kept  in  metioo.  Some 
machines  do  their  work  well,  simply  in  consaqueaoe  of  A 
certain  celerity,  as  is  generally  the  casern  a  grhidfng  apparatus  t 
a&d  Ausry  person  cooveraint  in  the  practioe  of  agricolturw  is 
•ware,  that  when  a  pbugh  is  damn  at  n  ceitein  paoe^  it  will 
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reg<ibirlj  «i|d  fredy,  irhile^  on  the  <ither  hand^  the 
Mime  caUle  proceeding  at  a  vety  stow  pace  will  be  more  fatigued 
tboogh  they  do  lew  work,  wd  that  dimiaisbed  qiiantUy  of 
work  by  no  meaas  30  neatly  executed. 

Tbe  breast-wbeel^  wbeo  well  eonatnicted,  will  carry  an  eflect 
equal  to  half  or  even  thiee^fifths  of  the  power,  wbile  tbe  overp 
>bot*wfaeel  will  work  with  a  result  equal  to  foiir^fiftbs  of  the 
ipower,  yet  in  geumtl,  from  inattention  to  tbe  le^Maing  of 
trictioD,  and  other  imper&ctiooa  of  construction,  the  oyershot* 
wheel  does  not  peibaps  perform  work  beyond  half  the  power, 
and  the  effect  of  the  br^i3t«wbeel,  from  similar  caiKes,  is  pro* 
portion^ely  reduced  •        ^ 

When  the  stream  would  supply  too  much  water,  the 
redundancy  can  in  general  be  easily  carried  off  by  sluices  at 
overflows,  constructed  Vor  tbe  purpose ;  and  when  it  is  desirable 
to  increase  tbe  teioeity  of  tl^  usual  cnrieot,  much  may  be 
done  towards  tbe  complete  attainment  of  this  olyect,  by  con« 
tracting  the  banks.  It  is  also  very  obvious,  that  by  giving 
additional  height  to  tbe  fall,  or  h^,  whence  the  water  flows 
Upon  the  whed,  vdocity,  or  at  least  power,  may  be  greatly 
augmented. 

In  situatiDnd.  wbeve-  the: supply  of  water,  though  often 
■upentbiindant,  is  iit  other  times  liable  (0  be  greally  deficient^ 
the  propriety  of  forming  a  suitable  reservoir,  from  which  the 
sopiNy  may  be  derived  in  seasons  of  draughty  deserves  to  be 
oonsidefed.  In  some-  eases,  tbe  expeaas  of  carrying  snch  a 
plan  iatoeacecatjon,  would  doubtless  exceed  any  advaatage  it 
would  prodaoe;  but  in  others  it  might  be  adopted  with  tbe 
kappieat  suocesi;  for  it  will  certainly  be  understood,  that  such 
a  reservoir  is  not  necessarily  required  to  be  near  tbe  mill,  but  at 
a^y  part  of  the  eanise^of  the  stream  whete  the  cheapness  of  the 
lam  eombinea  with  U$  snitaUeneai  in  other  respects  for  tbe 
piirpoae« 

Attempts  bave  bein  made  to  coufltruct  water-wheels  which 
leoeive  .the  impulse  oUiquely,  like  tbe  sails  of  a  commoo 
windmill.  By  this  means  a  slow  but  deep  river  could  be  amde 
to  drive  ouirmiUs;  tkougb  much  power  woidd  be  lost  by  tbe 
oUkiui^.  Dr.  fiobinson  describes  one  that  was  very  powerful  1 
it  was  a  long  cylindri^  frame,  having  a  plato  standtog  out 
from  it  about  a  foet^  bMud,  and  amraoundlng  it  with  a  very 
oblsiue  spiral  like  a  eorkTScrew.  Tbia  we$  immersed  neariy  a 
quarter  of  its  dismelery  (which  wa$  twelve  feet,)  having  its  axis 
m  the  directicm  of  the  stream  ^  JSiy  the  work  perfoimed,  i| 
seemed  more  powerful  than  a  common  wheel  that  occupied  tbe 
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Mme  bieadth  of  tlie  mer.  Its  kngth  was  aot  loi  thaa  tvcaly 
feel;  bad  it  beea  Iwioe  as  long  it  woold  have  neariy  dooUed  Hi 
power^  without  oeeopyiag  moie  of  the  waier-waj.  FeriMps 
such  a  spiral  oooiinoed  qiufte  to  the  asdsy  aad  raorio;  in  a 
snilable  canal,  wholljr  filled  by  the  stieain,  might  bean  adntt- 
lagecms  way  of  employing  a  deep  and  slow  canent. 

Emenon  obserres,  timt  the  teeth  of  whcds  ought  not  to  act 
upon  each  other  befiiie  thej  arrife  at  the  line  whin  joins  their 
centres,  and  thoogh  the  inner  or  nnder  sides  of  the  teedi  m^f 
beof  any  form,  yet  it  is  better  to  mahe  both  sides alihe,  that 
the  wheds  may  admit  of  bein^  leveived  either  way  with  cqoal 
facility.  The  utility  of  makmg  thi  teeth  as  fine  as  the  case 
Mlfflils,  BO  that  the  gieatiist  number  possible  asay  be  in  contact 
)st  ono^  has  already  been  insistea  on ;  and  the  ulaMNit  caiie 
shotdd  be  taken  to  hiiTe  them  so  rmlariy  disposed  that  they 
may  not  interfere  with  each  other  before  tMy  hq^n  to  work. 

It  is  of  the  gieateit  consequence  to  hate  the  teeth  ao  fcrmed. 
that  the  premnie  by  which  one  of  them  urges  the  other  round 
its  axb,  may  be  constantly  the  same.  This  is  by  no  means  the 
taaty  when  the  common  construction  of  a  spiir*whcel|  acttagin 
the  cylindrical  staves  of  a  lantern  or  trundle  is  med.  The  endb 
of  teeth  should  never  be  formed  of  parts  of  cirales,  ualcm 
working  with  other  teeth  specifically  adapted  to  them,  as  will  be 
more  fully  explained  heieaner. 

The  wheels  and  pinions  of  the  best  dock  and  waloh«woik, 
ate  made  true  with  aunost  mathematical  precisian;  but  in  treat- 


ing of  the  endlcm  screw,  we  have  bad  occasion  io  notice^  that 
many  ^reat  impediments  combine  to  prevent  very  faugewlieeia^ 
either  m  wood  or  metal,  from  possenuig  that  absolale  coned- 
Mm  of  form  which  is  so  desimble.  In  conseaucnce,  thetfUdb 
seldom  divides  the  wheel  so  exactly,  as  to  male  a  given  munbrn 
of  rsvolotioos  for  one  of  the  wheel  without  n  fiamm;  bat  as 
any  exact  number  is  not  neoessarv  in  mill-work,  and  Uie  com 
and  roundicannot  be  set  insotniffr  as  to  nmke  all  the  intonnus 
between  them  precisely  equal,  it  is  a  useful  preeautiott,  wkloh 
skilfhl  millwrights  tddom  fhU  to  adopt,  to  ghe  the  wheel  what 
is  called  a  hmnbtg-eog;  that  is.  one  cog  more  than  what  wil 
answer  to  an  exaa  division  of  tne  wheel  by  the  trundle.  This 
being  done,  every  cog,  as  it  comes  to  the  trundle,  will  take  the 
uext  staff  or  round  hSkiod  the  one  which  It  took  in  the  former 
revolnttoo ;  and  bv  this  means,  the  parts  of  the  cogs  ud  rounds 
which  wortL  together,  will,  in  a  little  time,  be  worn  cqituOly. 
ud  to  equal  dUancm  Sam  one  another. 
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Setting  out  a  spur-wheel— wallower—fiMe- wheel— -spa  -nuts. 


ne  Mdkoi  of  seiiitig  out  Wheeb. 

For  a  spur-wheel  and  wallowef)  draw  iht  pitch  lines  A  1^ 
B  1,  A  S^  B2,  (6g.  1,  pi.  ly.)  then  divide  them  into  the 
number  of  teeth  or  cop  required,  as  a  6  c.  Divide  one  of 
theie  diltattoeB)  as  h  c^  into  seven  equal  parts,  as  1,  2,  S,  4,  5, 
6,  7:  allow  three  parts  for  the  thickness  of  the  cogs,  as  1,  2y 
S,  in  the  oog  a;  and  four  for  the  diameter  of  the  slave  of  the 
wallower,  as  i ,  8,  S,  4,^  in  the  stave  m,  fig.  9.  Three  parts 
are  allowed  for  the  cog,  and  four  for  the  stave,  because  the 
tvallower  is  supposed  to  be  of  less  diameter  than  the  wheel, 
therefore  subject  to  mom  wear,  in  proportion  as  the  number  of 
cogs  exceed  the  number  of  states ;  but  if  in  any  case  the 
finaiber  of  slaves  and  con  be  the  same,  they  may  ne  of  equal 
thieknesB.  The  height  m  the  cog  is  equal  to  four  parts;  thea 
divide  its  height  into  five  equal  parts,  as  1,  8,  3,  4,  5,  in  the 
cog  c/  allow  three  for  the  bottom  to  the  pitch  line  of  the  cog; 
the  other  two  parts  for  the  curve  which  roust  be  given  it  to  make 
H  fit  and  tear  oo  the  sitve  eoually. 

In  coomson  pradioe,  the  millwrights  are  aocostomed  to 
put  the  point  of  a  pair  of  compasses  in  the  dot  8  of  the  cog  a^ 
aod  strike  the  line  de;  then  Ibey  remove  the  point  of  the  com^ 
pastes  to  the  point  d^  and  strikiethe  curve  3/,  by  which  meani 
tfae^  obtain  a  curve  which  they  oousider  suflteiently  proper  fof 
dMf  purpose. 

.  For  a  faooiwheel,  the  method  is  this :  divide  the  pitch  line 
AB»  fig.  8,  into  the  number  of  cogs  intended,  as  a  fr  c/  divide 
the  diSaace  b  e,  into  seven  equal  parts ;  three  of  those  parts 
allow  for  the  thickness  of  the  cocs,  as  1,  S,  9,  in  the  cog  a^ 
four  for  the  height,  and  four  for  ue  whHh,  at  tf  e,  and  four  for 
the  thk:kness  of  the  stave  m.  Draw  a  line  thrDU|^h  the  centre 
of  the  cog,  at  the  line  Al,  at  8;  and  on  the  point  5  describe 
the  line  if  r,  reniofve  the  compasses  to  the  pomt  A,  and  dmw 
the  line/g^  which  fannt  the  shape  of  the  cog ;  tlMai  shape  tte 
•Off  on  t&  tidet  to  a  qyck)id.  JBot  this  method  of  setting  out 
the  shape  of  a  coe  is  variable^  aceordiiig  to  the  cycloid  of  dii& 
fotentdaamelaes  of  wheels. 

For  oomuMm  spuiunuls,  dKvide  the  piteh^ine  A,  into  twice 
as  many  equal  pans  as  there  are  intended  to  be  teeth,  as  a,  b^ 
if  d,  e,  IW.  &;  with  a  pair  of  compasses  evened  to  half  the 
distance  of  any  of  these  aivisions,  from  the  fioints  a  1 ,  c  9,  e  5^ 
dsair  the  temi-circlet  a,  c,  and  e,  which  will  form  the  ends  of 
the  tettb.  From  the  points  9,  4,  and  6,  draw  the  semi*drclet 
ghiy  winch  wUl  form  the  lower  puts  of  the  spaces.  Thoudi 
apUHWts  art  usually  set  out  in  this  asaaner,  yet  it  should  m 
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C0MMOM^  Calico  oCWO'^ftf^ 

0t  ilm  dmm,  kmmyht 
iollnf  M  fbrnriKse cf  cadi olhff.  Si^l|HMe 
B,  irvirfWiH^ M  their  ccKm^*,  «r,  %*  4,  pL  I¥; 
bws  mm  wqmij  tkty  miU  pofin  thdr  m  w Jliii  ia  cqMl 
limmf  aad  wwqftly  mj  too  poials  cqaaB j  dUnt 
Ike oMlfe « €f  A,  astf*,  ecj  md^  acy  vill  rwohc ia the 
iimt  —  mfymgyak,mL  ImWkmw  iirr,  if  eaerf  the 
«iB%.5,  be  twkg  the  diiirtfr  of  the  ether  1  the 
thrf  ate  tomcd  opoa  their  oeatitty  the  hve  of  the  ki|ecr 
oiUj  hove  MHleow  leTolotioo,  while  that  of  the  —llrr  wil 
hove  OHMle  two  irrobitioai ;  aad  all  the  tontipBBiiiBi,  parts  of 
the  coaical  torfiun  will  ohtcrfo  the  wamt  propoftiaa;  thai  i% 
mbf  aCf  adf  mtf  will  taia  only  oaoe  niaMl»  whUo  mf^  mg^ 
a  kf  aiy  torn  toice  roaad.  HaMeitieobrioM  that  the  aas* 
ber  of  the  lorolatioas  of  all  ooaca  lerolriag  is  Ihb  ■aaacr^ 
aittii  be  to  OKh  other  aa  their  icqieotivc  diuacien.  Now  M 
two  coaet  hoTO  tcelh  coi  is  them ;  as  Ruastalcd  bf  %•  6 ;  thij 
will  tbea  beoome  btvet^gear.  The  teeth  in  aaeatiie  ooae  woald 
be  bfoadcti  at  the  baio,  from  whcace  tbcjr  woald  gndoalljr 
taper  with  the  Ifmiay  circamfereaoe  of  the  osoe,  till  thoy 
tenainatad  ai  the  apex  or  oentie a ia a poiot ;  batassochan 
exieol  of  teeth  would  be  oaaeoesMvy,  and  if  the  eoMs  were 
cotiie  the  axes  al  o  woold  incoaMaode  cad  other,  the  sleader, 
atdcwpaiiof  the  teeth  aie  oat  offas  aiEaad  F;  or  rather, 
berel-gcer  is  oomposed  of  wbeds  made  al  finl  io  the  tatm  of 
Ifuocaird  conei,  as  sbowo  bj  fig.  7,  wheie  the  aprighl  shaft  or 
axle,  AB,  wiib  the  bevd-whcel  CD,  tar»  the  bevd-whed 
£F,  with  iU  shaft  GH,  aad  Ibo  teeth  work  fieelj  in  each 
oUirr*  The  teeth  may  be  omdo  of  aoj  dioMosioas,  aooafdiaf 
to  the  sireogtb  lequiied;  and  Ihb  metliod  will  enaliie  them  t» 
overoome  a  gieater  tmistaace,  and  work  moch  ommo  sawothlr 
than  a  common  fiEUse-wbcel  aad  trundle;  beMdes,  thefiicilitj  witk 
which  it  enables  us  to  chaage  the  direction  of  a  molian,  is  of 
ipeat  importance. 

The  method  of  cooTfjing  motmn  in  aay  dimclioa,  and  oC 

Eroportiooiog  or  shaping  the  wbeeb  acooidii^j,  is  as  fiilbwss 
i  Uie  line  at^  fig.  8.  lepresent  a  shaft  comiag  fma  a  wbcd  ; 
dritw  the  line  ci/  to  intersect  the  line  mb.  ia  tbo  diascliaft' 
iaiended  tu  the  motion  Io  be  oonfeved.  and  this  line  e  d  will 
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Univenal  joint. — CycMd  Md  epicyrloid. 


represent  the  diaft  of  llie  berel-wfaeel  which  is  to  receive  the 
motion.  SupDOse  then  the  shaft  cd  is  to  revolve  three  timc'Sy 
whilut  the  shaft  a  revolves  once ;  draw  the  parallel  line  1 1  at  any 
moderate  distance  (snppose  one  foot  bj  a  scale,)  then  draw  (he 

Sarailel  line^Ar,  at  tnree  feet  distance,  after  which  draw  the 
otied  line  w  x,  through  the  intersection  of  the  shafts  a  b  and 
e  d^  and  likewise  through  the  intersection  of  the  parallel  lines 
t  i  and  kk^  in  the  points  x  and  ^,  which  will  be  the  pitch*line 
of  the  two  bevel-wheels,  or  the  line  where  the  teeth  of  the  two 
wheels  act  on  each  other,  a^  may  be  seen  by  fig.  0,  where  it  is 
obvious  to  inspection  that  the  motion  may  be  conveyed  in  any 
direction. 

Of  Hooke*9  Unvoersal  Jcint. 
The  contrivance  called  the  universal  joint,  which  was 
invented  by  Dr.  Hooke,  may  be  applied  to  communicate  motion 
instead  of  beveWgeer,  where  the  velocity  is  not  to  be  changed, 
and  whese  the  angle  does  not  exceed  90  or  40  degrees  This 
joint  may  be  constructed  as  represented  by  fig.  10 ;  or  with  four 
pins  fiurteoed  at  right  angles  upon  the  circumference  of  a  hoop, 
or  solid  ball.  It  is  useful  in  cotton  mills,  where  the  tumbling 
shafts  are  continued  to  a  great  distance  from  the  moving  power, 
as  the  use  of  it  allows  the  convenience  of  cutting  them  mto  con- 
voDient  lengths,  it  is  most  proper,  when  the  irregularity  of  its 
motion,  as  it  recedes  from  a  rignt  line,  is  not  disadvantageous. 

Of  the  Cycloid  md  Epttyrhid,  and  the  farmalitm  of  (he  Teeth 

of  Whetb. 

If  on  the  plane  CD,  fig.  11,  a  circle,  B,  proceeds  in  a 
light  line,  and  at  the  same  time  revolves  round  its  centre,  till 
every  part  of  the  cireumfeience  has  touched  the  plane,  a  point 
or  pencil,  at  n,  which  was  lowest  at  the  commencement  of  the 
motion,  will  have  described  the  curve  CED,  which  is  called  a 
mcyWtf,  and  is  evidently  compounded  of  a  rectilinear  and 
circular  motion. 

If  a  circle  A  roll  from  o  tof  on  the  annex  circumference  of 
anotfier  circle  B,  the  point  o  will  describe  the  curve  opq^  which 
is  called  an  exUrior  epirfjfdiridf  and  if  the  circle  A  were  to  roll 
on  the  concave  circumfeVenoe  of  the  circle  B,  as  from  r  to  «, 
the  point  r  would  describe  an  mteriar  cptryribfrf.— In  all  these 
eases,  the  circle  by  which  the  curve  is  obtained,  is  called  the 
generating  circle. 

The  teeth  of  wheels  and  leaves  of  pinions  require  great 
care  and  judi^ment  in  their  formation,  that  they  may  neither 
dog  tbe  iMchmtiy  by  onneoeMary  friction,  nor  aet  so  unegii- 
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larijr  as  to  prodooe  any  inequalities  in  the  motioB,  and  of  wear* 
ing  of  one  part  before  anotlier.  It  has  long  been  known  that 
one  wheel  will  not  drive  another  with  luii&rni  velocitj,  unless 
the  teeth  of  one  or  more  of  the  wheels  have  their  acting  saHaoea 
formed  into  a  curve  generated  after  the  manner  of  an  epicy* 
clotd.  But  in  order  to  ensure  a  uniformity  of  pressure  and 
Telocity  in  the  action  of  one  wheel  upon  another,  it  is  not 
absolutely  necessary  that  the  teeth  of  one  or  both  wheds  be 
wactly  epicycloids;  for  if  the  teeth  of  one  of  them  be  either 
circular  or  trian|;ular,  with  plain  sides,  or  like  a  triangle  with 
its  sides  convergmg  to  the  centre  of  the  wheel,  or  of  any  other 
form,  this  uniformity  of  force  and  motion  will  be  attained^ 
provided  that  the  teeth  of  the  other  wheel  have  a  figure  which 
18  compounded  of  thai  of  an  epicycloid,  and  the  figure  of  the 
teeth  of  the  first  wheel.  De  la  Hire  has  shown  in  a  variety  of 
cases,  how  to  find  this  compound  purve;  but  as  it  is  oftea 
difficult  to  describe,  or  even  to  discover  its  nature,  we  shall 
aelect  such  forms  for  the  teeth,  as  are  better  adajpiled  to  practice. 
There  are  three  different  ways  in  which  the  teeth  of  wheeb  may 
act  upon  one  another;  and  each  osode  of  action  Rqyiliea  a 
dififaient  form  for  the  teeth  i 

IsU  When  the  teeth  of  the  wheel  begin  to  act  upon  the 
Vaves  of  the  pinion  jast  as  they  arrive  at  tha  line  of  centraa ; 
and  tlieir  mutual  action  is  csurried  on  after  they  have  passed 
thb  line. 

Sad*  Whenthe teeth  of  the  wheel  begin  to  act  upon  the 
leaves  of  the  pinion,  before  they  arrive  at  the  line  of  centres, 
and  conduct  tbeoi  either  to  this  line  or  a  very  liitfe  beyo«l  it. 

Srd.  When  the  teeth  of  the  wheel  begin  to  act  upon  the 
leaves  of  the  pinion,  before  they  arrive  at  the  line  of  OQotee^ 
and  continue  to  act  after  they  have  paasad  that  line. 

Wlien  the  first  mode  of  action  is.  adopted,  the  acting  Chms 
of  the  leaves  of  the  pinion  should  be  parts  of  an  mimar  sfMrsft* 
eUrf,  generated  by  a  circle  oC  any  diameter  iDNing  upon  the 
qoocave  superficim  of  the  pinion ;  and  the  acting  surbcea  of  the 
teeth  of  the  whesl  should  oe  portions  of  an  eflRtmor  epfeyrisa^ 
formed  by  thesame  geoemting  circle  rollis^  upmi  the  cosivear 
superficies  of  the  wheel.  Now  it  is  denumstiaUe  that  when  one 
circle  rolls  wi^Uin  another  whose  diameter  is  double  thai  of  the 
rolling  circle,  the  line  generated  by  any  point  of  the  laMar  will 
be astraight  Une  tending  to  the  centre  ot  the  laiger oirde^  If 
the  generating  cirole^  therefore,  uMnttoned  above^  should  he 
takan  with  its  diemstcr  cQual  to  tha  eadins  of  th< 
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FormatioA  of  the  tctetb  of  wbeclt. 
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iDiide  to  roll  upon  the  conmve  superficies  of  tbe  pinion,  it  wilt 
generate  a  straight  line  tendinis  (o  the  pmion^s  centre,  which 
will  be  tbe  form  of  tbe  acting  faces  of  its  leaves ;  and  the  teeth 
of  the  wheel  will  in  this  case  be  exterior  epicycloids,  formed  bj 
ft  generatii^  circle^  whose  diameter  b  equal  to  the  radius  of  the 
pinion,  rolling  upon  the  convex  superficies  of  the  wheel.  Thia 
constnrction  of  the  teeth  of  the  wheel  and  leaves  of  the  pinion, 
is  represented  bj  fig.  IS,  pi.  IV;  it  is  strongly  recommended 
by  De  la  Hire  and  damns,  and  is  perhaps  the  most  advanta- 
geous, as  it  requires  lesft  trouble,  and  may  be  executed  with 
greater  accuracy  than  if  the  leaves  of  the  pinion  bad  been  curved 
as  well  as  the  leeth  ot  the  wheel. 

Lanterns  or  trundles,  which  consist  of  cylindrical  staves 
fixed  by  both  ends  nearly  at  the  circumfa'enoes  of  two  equal 
pircular  boards,  and  which  are  so  freooently  substituted  by 
millwrights  for  pinions,  may  often  be  adopted  with  great  pio-i 
priety,  provided  the  tisetb  of  the  wheels  working  in  ttem,  have 
n  proper  form.  The  construction  pointed  out  by  Brewster, 
which  we  shall  here  present  to  the  reader,  possesses  the  aseriA  of 
greatly  diminishing  the  friction  arising  from  the  mutual  action 
of  the  staves  and  the  teeth,  and  of  being  easily  reduced  to 
practice* 

Let  A,  fir.  14,  pi.  lY.  be  the  centre  of  the  small  wbed  or 
irundle^  TCHO,  whose  teeth  arc  circular  like  ICR,  having  thetr 
centres  in  the  circle  PDEY.  Upon  B,  tbe  centre  of  the  hrn 
wheel,  at  the  distances  BC,  BD,  describe  the  circles  FCK^ 
GDO;  and  with  POEY,  as  a  genemting  circle,  form  the 
exterior  epicycloid  DNM,  by  rolling  it  upon  the  convex  super- 
ficies of  the  circle  GDO.  The  epicycloid  DNM  thus  fonned, 
woqid  have  been  the  proper  form  for  the  teeth  of  the  large 
wheel  GDO,  bad  the  circular  teeth  of  tbe  small  wheel  been 
infinitely  small ;  but  as  their  diameter  must  be  considerable,  the 
toelh  of  the  wheel  should  have  another  form.  In  order  to 
determine  (bek*  proper  figure,  divide  the  epicycloid  ONM  into 
a  number  of  equal  parts,  1,  8,  S,  4,  &g.  as  shown  in  the 
figure,  and  let  these  divisiona  be  as  numerous  as  posstbte*  Then, 
upon  tb^  points  1,  9,  S,  &c.  as  centres,  with  the  distance  DC 
e^ual  to  toe  ladius  of  the  circular  toothy  describe  portions  of 
Girplea  simihir  to  those  in  the  figure;  and  the  curve  OPT,  which 
touches  these  circles,  and  ia  parallel  to  the  epicycloid  DNM, 
will  be  the  pn^ier  form  fov  tiie  teeth  of  (be  laige  wheel. 

In  ovdev  that  the  teeth  may  not  act  upon  each  other  till  they 
rcnob  the  lino  of  c<»trea  AB,  the  curve  OP  should  Ufot  touch 
tbe  eireubir  tooth  ICR  till  the  point  O  has  arrived  at  D.  The 
tooth  OP,  thtrsforov  will  commeooo  its  action  upon  tbo  circu* 


358  ifMH4incs. 

OT   ttC  tCftlllOT 


kr  tooth  at  the  point  I,  vhcre  U  b  cut  byr  the  riftie  DRB.  On 
this  accoant,  thr  put  ICR  of  the  cjlindrical  pin  bein/r  saper- 
flooan,  nay  be  cut  oflT,  and  the  staves  of  the  trundle  will  then 
be  fMwments  of  circles  similar  to  the  shaded  part  of  the  figvre. 

It  the  teeth  of  wheris  and  the  leaves  of  pinions  consisted  of 
materials  perfectly  hard,  and  were  aocntalely  formed  accorriini; 
to  theic  directions,  they  would  act  on  each  other  not  only  with 
vniform  force,  but  ako  withont  friction ;  becanse  the  snr&ces 
in  contact  would  roll  upon  each  titber,  and  neither  slide  nor 
nib  so  as  to  occasion  any  imperfection  in  the  pcrfermance.  But 
as  it  is  impossible  in  practice  to  altam  the  perfection  which 
theory  requires,  a  certain  qoanlity  of  friction  will  lemain  after 
every  precantion  has  been  taken  in  the  formation  of  the  oom- 
mnoicatinf  pntts.  This  friction  may  be  removed,  or  at  least 
greatly  dimmished,  with  respect  to  a  trandle,  in  tlie  foUowing 


If  instead  of  fixing  the  staves,  as  in  the  costomary  marraer, 
at  the  top  and  bottom,  they  are  made  to  move  on  axes  or 
spindles  nxed  in  the  circomfinence  of  the  wheel,  all  the  friction 
will  be  taken  away  except  that  which  arises  from  the  motion 
of  the  cylindrical  tooth  npon  its  axis.  The  advantam  attend- 
io|^  this  mode  of  construction  are  yery  important.  The  cylin* 
dnoal  staves  or  teeth  may  be  formed  in  the  lathe  with  the  greatest 
accoracy ;  the  curve  required  for  the  teeth  of  the  large  wheel 
Js  easily  traced ;  the  premure  and  motion  of  the  wheels  will  be 
miiform ;  and  the  teeth  are  not  subject  to  wear,  because  what- 
ever fnction  remains  is  almost  wholly  removed  by  the  revolution 
of  the  cylindrical  spokes  about  their  axes.  This  improvement, 
however,  can  only  be  adopted  where  the  machinery  is  large; 
for  snuill  works,  the  acting  faces  of  the  leaves  of  the  pinion  or 
small  wheel  should  be  rectilinear,  and  those  of  the  large  wheel 
qncydoidal,  as  exempli6ed  by  fig.  IS. 

We  have  now  to  consider  the  second  mode  of  the  mutual 
action  of  wheels  and  pinions,  viz.  *^  when  the  teeth  of  the  wheel 
begin  to  act  upon  the  leaves  of  the  pinion,  before  they  arrive  at 
the  line  of  centres,  and  conduct  them  either  to  thb  line  or  a 
very  little  beyond  it."  This  mode  of  action  is  by  no  means  so 
advantageous  as  the  former,  and  therefore  should  if  possible  be 
always  avoided.  It  is  evident,  that  when  the  tooth  of  the 
wheel  acts  upon  the  leaf  of  the  pinion  before  they  arrive  at  the 
line  of  centres,  and  ouits  the  leaf  when  they  reach  this  line, 
that  the  tooth  works  oeeper  and  deeper  between  the  leaves  of 
the  pinion  the  nearer  it  comes  to  the  line  of  cenfrm;  benoe  n 
considerable  quantity  of  friction  arises,  because  the  tooth  does 
noty  affbeibiei  rotf  upon  the kaf^  butiAfet  oponit;  and  limn 
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the  tame  cause,  the  pinion  soon  becomes  foul,  as  the  dust  which 
lies  upon  the  acting  laces  of  the  wheels  is  pushed  into  the  hoU 
lows  between  them.  One  advanta|B|pe,  however,  attends  this 
mode  of  action,  for  it  allows  us  to  make  the  teeth  of  the  large 
wheel  rectilineal,  and  thus  renders  the  labour  of  the  mechanio 
less,  and  the  accuracy  of  his  work  greater,  than  if  they  had 
been  of  a  curvilincal  form.  If  the  teeth,  therefore,  of  the  wheel 
are  made  rectilineal,  haying  their  surfaces  directed  to  the  wheel's 
centre,  the  acting  surfaces  of  the  leaves  must  be  epicycloids 
formed  by  a  eenerating  circle,  whose  diameter  is  equal  to  the 
sum  of  the  radius  of  the  wheel,  added  to  the  depth  of  one  of 
its  teeth,  rolling  upon  the  circumference  of  the  pinion.  But 
if  the  teeth  of  the  wheel  and  the  leaves  of  the  pinion  are  made 
corvilineal,  the  acting  surfaces  of  the  teeth  of  the  wheel 
must  be  portions  of  an  mterbr  epicycloid  formed  by  any  gene* 
rating  circle  rolling  within  the  concave  superficies  of  the  Tarm 
circle,  and  the  acting  surfoces  of  the*  pinion's  leaves  must  be 
portions  of  an  exterior  epicycloid,  produced  by  rolling  the  same 
generating  circle  upon  the  convex  circumference  of  the  pinion. 

When  the  teeth  of  the  large  wheel  are  cylindrical  spindles, 
either  fixed  or  moveable  upon  their  axes,  an  exterior  epicy« 
clokl  must  be  formed  like  DNM,  in  fi/^.  14,  pK  17,  by  a 
genemttng  circle  whose  radius  is  AC,  rolhng  upon  the  convex 
circnmfisrence  FCK ;  AC  being  in  this  case  the  diameter  of  the 
wheel,  and  FCK  the  circumference  of  the  pinion.  By  means 
of  this  epicycloid,  a  curve  OPT  must  be  formed  as  before 
described,  which  will  be  the  proper  curvature  for  the  acting 
surfaces  of  the  leaves  of  the  pinion,  when  the  teeth  of  the 
wheel  are  cylindrical.  In  determining  the  relative  diameter  df 
the  whed  and  pinion  for  this  mode  of  action,  the  radius  of  the 
wheel  is  reckoned  from  its  centre  to  the  extremity  of  its  teeth, 
and  the  radius  of  the  pinion  from  its  centre  to  the  bottom  of  ita 
leaves. 

The  third  mode  in  which  one  wheel  may  drive  another, 
Vtt.  **  when  the  teeth  of  the  wheel  begin  to  act  upon  the  leaves 
of  the  pinion  before  they  arrive  at  the  line  of  centres,  and  con* 
tinue  to  act  after  they  have  pa^ssed  that  line,"  remains  t4>  be 
eoiwidered.  It  is  represented  by  fig.  1,  pi.  V,  and  as  it  is 
a  combination  of  the  two  first  modes,  it  partakes  both  of  their 
adi^tages  and  disadvantages.  It  is  evident  from  the  figure, 
that  the  portion  f  A  of  the  tooth  acts  upon  the  part  6  c  of  the 
leaf  till  they  reach  the  line  of  centres  AB,  and  that  the  part 
e  d  of  the  tooth  acts  upon  the  portion  b  aof  the  leaf  after  they 
have  passed  that  line.  It  follows,  therefore,  that  the  acting 
parts  a  h  and  b  c  most  be  fonned  aocoidmg  to  the  4ifaction» 
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gtvea  for  the  first  mode  of  action,  and  that  the  remaiittBg 
parta  ed^b  a^  must  have  that  cUrvatare  which  the  second  made 
of  action  requires ;  consequently  e  A  should  be  part  of  an  inte* 
nor  epicycloid  formed  by  any  generating  circle  rotting  on  the 
concave  cireumference  ol  the  wheel,  and  the  corresponding 

Srt  A  c  of  the  leaf  should  be  part  of  an  exterior  epigrdoia 
taed  by  the  same  generating  circle  rolling  upon  Z»  £0,  the 
convex  circumfiereuee  of  the  pinion ;  the  remaining  part  e  d  of 
the  tooth  should  be  a  portion  of  an  eaterior  epicycloid,  formed 
by  any  generating  circle  rolling  upon  e  L,  the  convex  siipei^ 
Sees  of  the  wheel;  and  the  coKKBponding  part  taof  the  leaf 
should  be  part  of  an  interior  epicycloid  described  by  the  same 
generating  circle  rolling  atonsr  the  ooncave  side  6  £  o  of  the 
pinion,  fint  as,  in  practice,  the  production  of  this  doable  cur* 
vature  of  the  acting  surfaces  of  the  teeth  would  be  exeeedingi  j 
troublesome  to  the  workmen,  who  would  probably  never  cor* 
rectl^  accomplish  his  object,  his  labour  may  be  abridged  by 
making  e  h  and  b  a  radial  lines,  that  is,  e  A  a  straight  line 
tending  to  the  centre  of  the  wheel  B,  and  b  a  likewise  a  straight 
)ine  tending  to  the  centre  A,  of  the  pinion. 

In  the  preceding  remarks,  the  form  assigned  to  the  teeth 
has  been  stated  on  the  supposition  that  the  wheel  drives  the 
pinion;  but  when,  on  the  contrary,  the  pinion  drives  the  wheel, 
the  ibrm  assigned  to  the  teeth  of  the  wheel  must  be  given  to  the 
leaves  of  the  pinion,  and  the  shape  assigned  to  the  kates  o( 
the  pinion  must  be  transferred  to  the  teeth  of  the  wheeL 

A  still  difficient  mode  of  forming  the  teeth  of  wheels  haa 
had  many  advocates,  who  have  cadsadered  itwcUcabolalctl 
to  ensure  the  unifermity  of  action  so  much  desired.  It  consists 
in  making  the  acting  fiices  of  the  teeth  involules  of  the  wheel'a 
circumfisrence.  Thos,  let  AB,  fig.  9,  pi.  7,  be  a  poftioo 
of  the  wheel  on  which  the  tooth  is  to  be  fixed,  and  let  A  p  « 
be  a  thread  wrapped  round  its  circumference,  havuig  a  loop* 
hole  at  its  <fxtiemity,  a*  la  this  loop-hole  fix  a  pin  o,  with 
which  describe  the  curve  or  imoluiej  mbedek^  by  unwrap* 
ping  the  thread  ^pradttall v  from  the  circnmference  A  p  at.  The 
curve  thus  obtamed  will  be  the  proper  form  fbr  the  teeth  of  a 
wheel  whose  diameter  is  AB.  ft  is  a  form  which  admits  of 
several  teeth  acting  tof;ether,  a  circamstanoe  attended  with  the 
advantage  of  diroinishmg  the  pressure  upon  any  oneiooth  so 
much  as  to  make  the  wheels  wear  longer  and  more  eqaally. 

This  last  mode  di  forming  theleeth  of  wheds,  is  however, 
only  a  modification  of  the  general  principle,  and  indeed  an 
involate  b  sometimes  reckonra  ansong  the  exterior  epicydoids» 
The  piepriety  of  this  wiU  be  allawed,  when  it  k  contidaad 
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that  the  involute  ab  cdf  &c.  may  be  produced  by  an  epicy* 
<cloidal  motion.  Thus,  let  o  it  be  a  straight  ruler,  at  whose  ex- 
tremity is  fixed  the  pin  11,  and  let  the  point  of  the  pin  be  placed 
upon  the  point  m  of  the  circle,  then  by  rolling  the  straight 
ruler  uoon  the  circubir  base,  so  that  the  point  in  which  it  touches 
the  circle  may  move  gmdually  from  m  towards  B,  the  curve  m  n 
will  be  generated  exactly  similar  to  the  involute  ab  c^  &c. 
obtained  by  the  string. 

The  practical  mechanic  may  wish  to  have  more  particular 
directions  for  drawing  epicycloids,  than  he  can  derive  from  the 
explanation  of  these  curves  at  the  commencement  of  the  present 
section.  For  this  purpose,  then,  let  him  take  a  piece  of  plain 
wood  G  H,  fig.  3,  pi.  y,  and  fix  upon  it  another  piece  of 
wood  E,  having  its  circumference  mbof  the  same  curvature  as 
the  circuhr  base  upon  which  the  generating  circle  AB  is  to  roll. 
When  the  generating  circle  is  large,  the  sluided  segment  B  will 
be  sufficient.  In  any  part  of  the  circumference  of  this  segment, 
fix  a  sharp  pointed  steel  pin  a,  which^ught  to  be  tempered,  that 
it  may  easilv  make  a  distinct  mark ;  and  it  must  be  driven  in 
sloping,  so  that  the  distance  of  its  point  from  the  centre  of  the 
circle  raa^  be  exactly  equal  to  its  radius.  Fasten  to  the  board 
GH,  a  piece  of  thin  brass,  or  copper,  or  tin-plate,  a  ft.  Place 
the  segment  B  in  such  a  position,  that  the  pomt  of  the  steel  pin 
4i  may  be  upon  the  point  ft,  and  roll  the  segment  towards  G,  so 
that  the  nail  a  may  rise  gradually,  and  the  point  of  contact  be- 
tween the  two  circular  segments  may  advance  towards  m;  the 
curve  a  ft  described  upon  the  brass  plate  will  be  an  accurate 
€Xlm9r  epicycloid.  Remove,  with  a  file,  the  part  of  the  brass 
on  the  len  hand  of  the  epicycloid,  and  the  remaining  concave 
arch  a  ft  will  be  a  pattern  tooth,  by  means  of  which  all  the  rest 
may  earily  be  formed.  When  an  wierior  epicycloid  is  required, 
the  generating  circle  must  revolve  upon  a  concave  instead  of  a 
concex  base  as  in  the  present  instance.  The  cycloid^  which  is 
useful  in  forming  the  teeth  oirack'^xoork^  is  generated  in  precisely 
the  same  manner,  with  this  diflSerence  only,  that  the  base  on 
which  the  generating  circle  rolls  must  be  a  stiaight  line. 

Perhaps  no  part  of  the  mechanism  of  mill-work  is  executed 
with  so  little  attention  to  theory  as  the  teeth  of  wheels.  Almost 
every  celebrated  millwright  has  his  favourite  construction,  and 
it  is  seldom  indeed  that  the  best  methods  are  adopted.  Gregory 
describes  one  of  the  man^  plans  in  ordinary  use,  and  we  shah 
here  recite  it;  from  its  being,  as  he  observes,  of  tolerably  easy 
application,  and  allowing  much  strength  to  the  teeth,  whUe  it  is 
tolerably  free  from  friction  in  comparison  with  othA  practical 
methods.     Let   AB,   fig,  4,  pi.  V>  be  two  spur-wheels  of 
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different  diameters,  of  which  the  cogs  are  intended  to  work  int^ 
each  other  at  half  pitch.    The  dotted  circular  arcs  GH,  EF^ 
touching  each  other  between  s  and  dj  are  the  centre  or  pitch  lines, 
from  which  the  teeth  are  formed.    If  the  teeth  of  both  wheeb 
are  iron,  as  is  generally  the  case  in  the  first  motions  of  works, 
those  teeth  are  then  made  nearly  both  of  a  siie  at  the  pitch  line; 
but  if  the  teeth  of  one  be  wood  and  the  other  iron,  then  the 
iron  ones  are  made  to  have  less  pitch  than  the  wooden  ones,  be^ 
cause  they  are  then  found  to  wear  better.     In  the  figure,  both 
are  supposed  to  be  of  iron.     Suppose  the  wheels  to  move  from 
G  towards  H,  and  from  £  towards  F,  and  that  the  sides  of  the 
teeth  at  b  c,  and  d  e,  are  in  contact;  from  i  as  a  centre,  with 
a  radius  equal  b  p  describe  the  arcs  p  d,  /  m;  from  tf  as  a  centre, 
with  the  same  radius,  describe  the  arcs  h  iffg^  c  k.     Thus  the 
same  opening  of  the  compasses,  and  a  centre  chosen  where  the 
wheels  are  in  contact  on  the  pitch  lines,  will  mark  the  contour  of 
the  upper  part  of  a  tooth  of  one  wheel,  and  the  lower  part  of 
a  corresponding  tooth  of  the  other  wheel;    and  by  taking 
several  centres  on  the  two  pitch-lines,  th^  various  teeth  may  bt 
formed.     To  prevent  the  cogs  from  boUammg^  as  the  workmea 
call  it,  let  the  lower  part,  r  e,  of  one  tooth  be  made  rather 
longer  than  the  upper  part,  p  d,  of  the  other  which  is  to  play  into 
it.     The  way  in  wnich  cogs  thus  constructed  will  work  mto  one 
another,  may  be  understood  by  <x>nsidering  the  motion  of  twa 
of  them,  n  and  o  for  example :  when  they  first  oome  into  coo* 
tact,  they  will  appear  as  the  curve  jr  6  P  s ;  when  they  arrive  al 
Q,  the  same  sides  will  appear  as  in  the  dotted  lines  there  lepre* 
sented ;  and  when  the  same  arrive  at  R  S,  they  are  in  contact 
on  their  middle  points* 

Of  Wipers  for  rmtmg  Siampers  and  Hammers. 

The  notches  which  project  from  the  circumference  of  a 
whed  or  an  axle,  for  the  purpose  of  rabing  stampers,  poundeia, 
or  hanuners  in  a  vertical  direction,  and  then  leaviitt  them  to  fidl 
by  their  own  weight,  are  usually  called  wipers^  though  sonie* 
times  denominated  lifting  cogs* 

When  the  wipers  are  wily  small  cvlinders  or  pins  projecting 
perpendicularly  from  the  surface  of  a  boriaontal  arbor,  the  force 
with  which  thev  elevate  the  stampers,  &c.  will  not  act  uniformly 
during  the  whole  time  in  which  they  are  rising;  yet  a  unifisrmH 
ty  of  force  and  velocity  is  generally  desirable,  and  may  always 
lie  obtained  b^  assimmg  a  proper  form  to  the  communicating 
parts.  On  this  subject,  a  few  directions  for  the  use  of  the 
practical  mechanic,  will  take  up  little  room. 
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Pi?*  ^j  pl-  ^)  represents  portions  of  a  stamper  for  bruising^ 
ore^  beating  hemp,  &c.  and  of  its  shaft  with  liflin^  cogs.  6  is 
the  vertical  arm  of  the  stamper,  sliding,  when  in  .actual  work, 
between  rollers  or  in  a  groove,  to  keep  it  steadily  in  its  proper 
position;  <i  is  the  horizontal  arm  of  the  stamper;  H  part  of  the 
axle,  on  which  the  wipers  or  lifting  cogs  E  F  are  fixed ;  the 
dotted  lines  at  A,  show  the  height  to  which  the  horizontal  arm 
tty  of  the  stamper,  is  elevated  by  each  wiper.  AB  is  a  line 
corresponding  with  the  arm  of  the  stamper  upon  which  the 
wipers  first  act ;  CD  is  the  pitch  line  of  the  axis,  or  the  bottom 
of  the  curves  of  the  wipers.  The  curved  or  acting  faces  of 
the  wipers  are  involutes  of  a  circle  equal  in  radius  to  the  axis 
CD,  and  obtained  as  already  described  in  noting  its  application 
to  the  formation  of  the  teeth  of  wheels,  viz.  by  unwrapping 
fiom  the  circumference  of  the  circle  alluded  to,  a  thread  or 
coid  b,  in  the  loop-hole  at  the  extremity  of  which  is  a  pencil 
or  marking  point,  describing  the  curve  as  it  approaches  towards 
r.  The  arm  of  the  stamper  is  flat  at  the  part  where  the  wiper 
acts  upon  it,  and  should  be  placed  in  a  line  with  the  centre  of 
the  shaft  or  axis,  at  the  time  tne  first  wiper  comes  into  contact 
with  it. 

The  wipers  for  a  hammer,  see  fig.  6,  pi.  V,  may  be  form* 
€d  on  the  same  principle.  The  centre  a  upon  which  the  ham* 
iner  moves ;  the  centre  b  of  the  axis,  and  the  flat  part  of  the 
bamraer-tail  upon  which  the  wipers  act,  should  be  in  the  same 
line. 

Description  of  a  Com-mitt. 

The  following  is  a  description  of  a  corn-mill  of  the  most 
common  sort.  AB,  fig.  7,  pi.  V,  is  the  water-wheel,  which 
is  generally  from  eighteen  to  twentv^four  feet  in  diameter, 
leckoninr  from  the  outermost  edge  of  any  float  board  at  A,  to 
that  of  the  opposite  one  at  B.  The  water  striking  on  the  floats 
of  this  wheel,  drives  it  round,  and  gives  motion  to  the  mill. 
The  wheel  is  fixed  upon  a  very  strong  axis  or  shaft  C,  one  end 
of  which  rests  on  D,  and  the  other  on  E  within  the  mill-house. 

On  the  shaft  or  axis  C,  and  within  the  mill-house,  is  a  wheel 
F,  about  eight  or  nine  feet  in  diameter,  having  cogs  all  round, 
which  work  in  the  upright  staves  or  rounds  of  a  trundle  6. 
This  trundle  is  fixed  upon  a  strong  iron  axis,  called  the  spin« 
die,  the  lower  end  of  which  turns  in  a  brass  foot  fixed  at  H^ 
in  a  horizontal  beam  H,  called  the  brid^re-tree;  and  the  upner 
and  of  the  spindle  turns  in  a  wooden  bush  fixed  into  the  nether 
nriU^stone,  wnich  lies  upon  beams  in  the  floor  I.  The  top  of 
the  spindle  above  the  oush  is  square,  and  goes  into  a  squaw 
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hole  in  a  aCtong  iron  croM,  abedj  fig.  8,  called  the rjnd ; 
under  which,  and  close  to  the  bosh,  is  a  nmnd  piece  of  thick 
leather  upon  the  spindle,  which  it  turns  round  at  the  same  tioM 
it  does  the  rynd. 

The  rynd  is  let  into  grooves  in  the  under  surfiuse  of  the  run* 
ning  mUktone  K,  which  it  turns  round  in  the  sane  taoM  thai 
the  trundle  G  is  turned  round  by  the  cog-wheel  F.  This  mill* 
■tone  has  a  large  hole  quite  through  its  middle,  called  the  eje 
of  the  stone,  through  which  the  middle  part  of  the  lynd  and 
upper  end  of  the  spindle  maj  be  seen;  wnilst  the  fimr  ends  of 
the  rynd  lie  below  the  stone  in  their  grooves. 

One  end  of  the  bridgfr»tiee  H,  which  supports  the  spindle, 
vests  upon  the  wall,  and  the  other  end  is  let  into  a  beam,  callecl 
the  brayer,  LM.  The  braycr  rests  in  a  mortice  at  L,  and  the 
other  end  M,  hangs  by  a  strong  iron  rod  N,  which  goes  through 
the  floor  I,  and  has  a  screw  nut  on  its  top  at  O ;  by  the  turs^ 
ing  of  this  nut,  theend  M  of  the  brayer  is  raised  or  depieased 
at  pleasure,  and  consequently  the  brid^tree  and  the  upper 
milbtone.  By  this  means  the  upper  milktone  may  be  set  as 
dose  io  the  under  one,  or  raisea  as  much  above  it  as  may  bo 
necessary.  It  will  of  course  be  understood,  that  the  neaiee 
the  millstones  are  to  each  other  the  finer  the  corn  will  be  ground ; 
and  that  on  the  contrary,  the  further  they  are  separ^ed,  the 
coarser  it  will  be. 

The  upper  millstone  is  inclosed  in  a  round  box,  which  no* 
where  touches  it,  and  is  about  an  inch  distant  from  its  edge 
all  round.  On  the  top  of  thb  box  stands  a  frame  fcr  hoUing 
the  hopper  P,  to  which  is  hung  the  shoe  Q,  by  two  lines  fts- 
lened  to  the  hinder  part  of  it,  fixed  upon  hooks  in  the  hopper^ 
and  by  cat  end  of  the  string  R  festened  to  the  fora  part  or  itf 
the  other  end  being  twisted  round  the  pin  S.  By  turning  this 
pin  one  way,  the  string  draws  up  the  shoe  closer  to  the  hopper, 
and  so  lessens  the  aperture  between  them;  mid  as  the  pin  is 
turned  the  other  way,  it  lets  down  the  shoe,  and  enlaiges  the 
aperture.  If  the  shoe  be  drawn  up  quite  to  the  hopper,  no 
corn  can  fiill  from  the  hopper  into  the  mill;  if  it  be  let  dowa 
a  little  some  will  fall ;  and  the  quantity  will  be  more  or  less, 
accoMing  as  the  shoe  is  more  or  less  let  down ;  for  the  hopper  is 
open  at  the  bottom,  and  there  is  a  hole  at  the  bottom  of  the  shoe, 
not  directly  under  the  bottom  of  the  hopper,  but  neater  to  tk 
lowest  end  of  the  shoe,  over  the  middle  or  eye  of  the  stone. 

In  a  square  hole  at  the  top  of  the  spindle,  is  put  the  feeder 
E,  fig.  8.  This  feeder^  as  the  spindle  turns  round,  jogs  the 
shoe  throe  times  in  each  roviriution,  and  so  causes  the  corn  to 
TOO  constantly  down  fimn  the  hopper  Uuongh  the  shoe,  intts 
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the  eye  df  the  millatone,  where  it  fmlls  upon  the  top  of  the  ry nd^ 
and  is,  by  the  motion  of  the  rynd,  and  the  leather  under  it, 
thrown  below  the  upper  stone,  and  ground  between  it  and  the 
lower  one*  The  rapid  motion  of  the  stone,  creates  a  centri<* 
fugai  tendency  in  the  corn  going  round  with  it,  by  which  means 
it  gets  farther  and  farther  from  the  centre,  as4n  a  spiral,  in 
every  revolution,  until  it  is  quite  thrown  out ;  and  being  then 
ground,  it  &lb  through  a  spout,  called  the  mill-eye,  into  a 
(rough  placed  for  its  reception. 

When  the  mill  is  fed  too  fast,  the  corn  bears  up  the  stone^ 
and  is  ground  too  coarse ;  besides  the  mill  is  apt  to  get  clogged, 
and  to  go  too  slowly.  When  the  com  is  scantily  supplied,  the 
null  ^oes  too  fiist,  and  the  stones,  by  tbeir  collision,  are  apt 
to  strike  fire.  Both  these  inconveniences  are  avoided,  by  turn* 
ing  the  regulating  pin  S  backward  or  forward,  in  order  to  draw 
up  or  let  down  tne  shoe,  as  the  case  is  observed  by  the  miller 
to  reqidie. 

Tne  heavier  the  running  millstone,  and  the  greater  the  quan* 
tity  of  water  falling  upon  tne  whed,  the  faster  will  the  mill  bear 
lo  be  fed,  and  consequently  the  greater  the  performance  of  the 
mill :  and  on  the  contrary,  the  lighter  the  stone,  and  the  less 
the  quantity  of  water,  the  slower  must  be  the  feeding.  When 
the  ^ne  is  considerably  wom^  and  become  light,  its  weight 
must  either  be  increased  by  some  artificial  addition,  or  the  mill 
most  necessarily  be  fed  slowly ;  otherwise  the  stone  will  be  too 
much  bome  up  by  the  com  under  it,  to  grind  the  meal  suffi« 
eiently  fine; 

The  power  necessary  to  turn  a  heavy  millstone,  is  but  very 
Utile  more  than  what  is  necessary  to  torn  a  light  one ;  for  as 
the  stone  is  supported  upon  the  spindle  of  the  brid^tree,  and 
the  end  of  the  spindle  that  turns  in  the  brass  foot  is  but  small,, 
the  difference  arising  from  the  weight  produces  only  an  incon* 
aiderable  action  against  the  power  or  force  of  the  water.  Besides,' 
a  heavy  stone  afibrds  the  same  advantage  as  a  heavy  fly,  tba^ 
is,  it  regulates  the  motion  much  better  than  a  light  one,  from 
Its  not  being  liaUe  to  such  great  fluctuations  of  velocity. 

The  centrifogal  force  carrymg  the  com  towards  the  circum- 
ference  of  the  stones,  it  is  obvious  that  it  will  be  crushed  when 
it  comes  to  a  place  where  the  interval  between  the  two  mill- 
stones is  less  tmin  its  thickness ;  yet,  as  the  upper  millstone  is 
supported  on  a  point  which  it  can  never  quit,  it  may  not  be 
considered  equally  cJbvious  why  it  should  pnrauce  a  ^^reater 
«iect  when  it  is  heavy  than  when  it  is  light;  since,  if  it  were 
equally  distant  from  the  nether  millstone,  it  ooold  only  be 
oipabk  of  a  limited  impression.    But  m.  experience  proves 
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that  the  difference  actually  ocean,  it  may  be  proper  to  state  the 
cause.  The  spindle  of  the  millstone  bein^  bopported  by  a 
horizontal  piece  of  timber,  about  nine  or  ten  feet  ion^,  testing 
only  on  bbth  its  ends,  the  upper  millstone,  by  the  elasticity  of 
this  piece,  is  allowed  a  vertical  motion,  and  plays  up  and  down; 
by  which  movement,  the  heavier  the  stones  are  the  more  forci* 
biy  is  the  com  wedged  in  between  them. 

In  order  to  cut  and  grind  the  com,  both  the  upper  and 
under  milUtones  have  channels  or  furrows  cut  in  them,  proceed^ 
ing  obliquely  from  the  centre  to  the  circumference.  These 
furrows,  in  the  direction  of  their  length,  are  cut  slantwise  oo 
one  side,  and  perpendicularly  on  the  other,  so  that  each  of  the 
ridges  which  tney  form  has  a  sharp  edge ;  and  in  the  two  stones, 
these  edges  pass  one  another  like  the  edges  of  a  pair  of  scissars, 
and  so  cut  the  corn,  to  make  it  grind  the  more  easily,  when  it 
falls  upon  the  furrows.  The  furrows  are  cut  the  same  wav  in 
both  stones,  when  they  lie  upon  their  backs,  which  makes  them 
ran  crosswise  to  each  other  when  the  upper  stone  is  inverted  by 
turning  its  furrowed  surface  towards  that  of  the  lower;  for, 
if  the  fhrrows  of  both  stones  laid  the  same  way,  part  of  the 
com  would  be  driven  onward  in  the  lower  furrows,  and  come 
out  from  between  the  stones  without  being  either  gioandor 
braised. 

The  grinding  surface  of  the  under  atone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a  little 
concave ;  and  they  are  farthest  from  one  another  in  the  mid» 
die,  but  approach  graduallj^  nearer  towards  the  edges.  B^ 
this  means  tlie  com,  at  its  first  entr&nee  between  the  stones,  is 
only  braised ;  but  as  it  goes  farther  on  towards  the  circumference 
or  edge,  it  is  cut  smaller  and  smaller,  and  at  last  finely  gronnd, 
just  before  it  comes  out  from  between  them. 

When  the  rid|;es  become  blunt  and  the  furrows  shallow  by 
wearing,  the  rannmg  stone  must  be  taken  up,  and  both  of  them 
may  then^  be  drest  anew  with  a  chisel  and  mallet.  Every  time 
the  stone  is  taken  up,  there  must  be  some  tallow  put  round  the 
spindle  and  ufum  the  bush ;  this  unguent  will  soon  be  mdted  bj 
tne  heat  the  spindle  acquires  from  its  turning  and  robbing  againrt 
the  bush,  which  it  will  prevent  from  taking  fire. 

The  bush  must  emorace  the  spindle  quite  close,  to  prevent 
any  shake  in  the  motion,  which  would  cause  some  parts  of  the 
stones  to  grate  against  each  other,  whilst  the  otner  parts  of 
them  wouU  be  two  fiur  asunder,  and  by  that  means  spoil  the 
meal.  Hence,  whenever  the  spindle  has  worn  the  bush,  so  m 
to  begin  to  shaike  in  it,  the  stone  must  be  taken  up,  and  a  chisel 
driven  into  several  puti  of  the  bush;  and  when  it  is  taken  out. 
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wooden  wed^s  must  be  forced  into  the  boles;  by  which  means 
the  bush  will  be  made  closely  to  embrace  the  spindle  again  all 
lottnd.  In  doing  this,  great  care  must  be  taken  to  drive  equal 
wedge»  into  the  bush  on  opposite  sides  of  the  spindle;  other- 
wise it  will  be  thrown  out  of  the  perpendicular,  and  so  hinder 
the  upper  stone  from  being  set  parallel  to  the  under  one,  which 
is  absolutely  necessary  for  making  good  work.  When  any 
accident  of  this  kind  occurs,  the  perpendicular  position  of 
the  spindle  must  be  restored,  by  adjusting  the  bridge-tree  with. 
proper  wedges  put  between  it  and  the  braver. 

It  often  happens,  that  the  rynd  is  a  little  wrenched  in  hy- 
ing down  the  upper  stone  upon  it,  or  is  made  to  sink  a  little 
lower  on  one  side  of  the  spindle  than  on  the  other;  and  this 
will  cause  one  edge  of  the  upper  stone  to  drag  all  round  upon 
the  lower,  while  the  opposite  edge  will  not  touch.  This  is 
easily  rectiied,  by  raising  the  stone  a  little  with  a  lever,  and 
pntting  bits  of  paper,  card,  or  thin  chips,  between  the  rynd 
and  the  stone. 

We  shall  mention  in  this  place  a  very  useful  and  ingenious 
contrivance,  adopted  by  the  American  millwrights  for  raising 
the  ground  corn  to  the  cooling  boxes  or  place,  from  which  it  is 
conveyed  into  the  boltingwmachine.  They  place  a  large  screw 
horiaontally  in  the  box  which  receives  the  flour  from  the  mill- 
atones.  The  thread  or  spiral  line  of  the  screw  is  composed  of 
pieces  of  wood  about  two  inches  broad  and  three  long,  fix^ 
jnto  a  wooden  cylinder  seven  or  eight  feet  in  length,  which 
forms  the  axis  of  the  screw.  When  the  screw  is  turned  round 
this  axis,  it  forces  the  meal  from  one  end  of  the  trough  to  the 
other,  where  it  foils  into  another  trough,  from  which  it  is  rais- 
ed to  the  top  of  the  mill-house  by  means  of  elevators,  a  piece 
of  machinery  similar  to  the  chain  pump.  These  elevators 
consist  of  a  chain  of  buckets,  or  concave  vessels  like  large  tea- 
cups, fixed  at  proper  distances  upon  a  leathern  band,  going 
round  two  wheels,  one  of  which  is  placed  at  the  top  of  the 
mill-house,  and  the  other  at  the  bottom,  in  the  meaUtrough. 
When  the  wheels  are  put  in  motion,  the  band  revolves,  and 
the  buckets,  dipping  into  the  meaUtrough,  convey  the  meal  to 
the  upper  story,  where  they  discharge  their  contents.  The  band 
of  buckets  is  inclosed  in  two  square  boxes,  in  order  to  keep 
them  clean,  and  preserve  them  fiom  injury.  It  is  obvious  how 
much  more  complete  this  contrivance  is,  than  the  mode  adopted 
in  this  country,  of  putting  the  meal  into  sacks,  and  then  rais« 
inf  it  up  by  the  common  machinery  for  that  purpose. 
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Of  Whbelk?arriaoe8* 

In  considering  this  sabject,  it  will  be  proper  to  adteit  to  the 

formalioa  of  the  animal  by  which  wfam-«:aiTiageB  ate  put  in 

motion.    The  hone  is  admirably  calcnkled  for  diaorlit,  and 

the  circumstances  enabling  him  to  draw  to  the  greatest  advantage 

are,  to  a  certain  extent,  so  well  known  to  every  one  at  all  coo- 

versant  with  mechanics,  that  it  is  not  less  a  cause  of  surprise 

than  of  regret,  that  his  valuable  piopeities  should  slOl  oonuune 

to  be  so  much  abused  as  we  find  them  to  be.     But  infonnatioii 

spreads  slowly  among  the  nuiss  of  the  people,  and  it  is  long  in 

•reaching  provincial  whceUwrights,  among  whom,  asa»oii|^ 

other  classes  of  men,  there  is  a  msposition  to  follow  the  practice 

of  their  forefathers,  without  inquiring  whether  they  aie  right  or 

wrong!    Much  as  men  are  attached  to  their  interest^  too,  they 

tire  often  crud  in  opposition  to  k ;  and  cruelty  can  never  hdx 

the  light  of  reason  in  her  path.    When  the  broad*wlied  act  was 

passed,  a  great  outcry  was  raised  against  it  by  those  whom  it 

would  h4ve  benefited,  and  who,  intend  of  complying  with  it, 

perversely  rendered  its  provisions  nugatory,  by  oevelling  their 

wheels*    Thus,  instead  of  idieving  their  horses,  they  adopted  a 

practice  tendiiq;  to  oppress  them  more  than  ever.    With  r^ 

spect  to  the  position  of  tlie  line  of  tractioo,  errors  of  equal 

moment  are  firequently  committed,  as  a  little  attention  will  enable 

any  one  to  perceive,  who  shall  consider  tat  a  moment  the  fbna 

of  the  shoulders  of  a  hone.   It  is  evident  (see  fig.  9,  pi.  y.)tliat, 

lit  the  place  where  the  neck  rises  from  the  chttt  of  the  aaimal, 

the  shonldei^Uades  form  th*  testing  plaoe  of  his  eolburor  harness 

into  a  slope,  a-b*    This  dope  or  inclination  forms  an  angl^  wilh 

a  perpeiidicular  to  the  horiion,  of  about  fourteen  or  fifteen 

degrees ;  and  therefore  the  line  of  traction  or  draught  dioold 

§om  the  same  angb  with  the  boriion,  because  he  will  then  puU 

perpendicuiarljr  to  the  shape  of  his  should^,  and  all  parts  of 

that  shoulder  will  be  equally  pressed  br  the  collar.    Besides,  in 

overcoming  obstades,  the  advantage  of  this  inclined  direction  is 

mechameam  greaAi  tibe  following  demonstration  of  it,  taken  from 

Walker's  ^fSystemof  Familiar  Philosrahy"  has  not  perhaps  been 

improved  upon.    Call  a,  fig.  10,  pi.  V.  a  whed,  b  an  obdade.  c 

the  axle  of  the  wheel,  d  the  spoke  which  at  present  sustains  the 

weight.    A  line  drawn  from  toe  nearest  part  of  the  hdrisontid 

line  of  draught  c  A:  to  the  fulcrum  or  obstacle  at  e,  will  form  the 

acting  part  m  a  levtr  g  e;  and  another  line  c  d  being  drawn 

from  the  fulcrum  eto  the  neareit  part  of  the  spdce  d,  will  form 

the  resisting  part  of  the  same  lever.    Now  as  the  acting  and 

lesisting  arms  of  the  lever  aie  of  equal  lengths,  the  lever  bsoomes 
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a  icale-beamy  and  a  draught  in  the  line  ^  k  roiHt  be  equal  to  the 
weight  of  the  wheel  and  all  that  it  suttaint,  besides  the  friction ; 
for  if  f  e  i(  be  a  erooked  lever,  a  puU  at  g  most  be  equal  to  all 
the  weight  supported  bj  d.  Bui  when  a  horse  draws  agreeabljr 
to  the  shape  of  his  shoulder,  in  the  line  t  A,  the  acting  part  of 
the  lever  A  e  is  lengthened  nearly  one-fourth;  so  that  if  it  would 
lequire  a  pull  at  g  equal  to  four  hundred  weight,  a  power  ap« 

Slied  at  h  will  draw  the  wheel  over  the  obstacle  b  with  three 
undred  weight.  To  those  unacquainted  with  the  principles  of 
mechanicsi  this  truth  may  be  easily  proved  by  an  minary 
scale-beam.  The  horse  himself,  consiciered  as  a  lever,  has  in 
this  inclined  draught  a  manifest  advantage  over  his  obitacles,  in 
4x>mparison  of  a  horizontal  draught,  as  may  be  seen  by  fig.  9. 
When  the  horse  is  yoked  to  a  post,  or  has  any  gieat  obstacle  to 
overcome,  he  converts  himself  inlo  a  lever,  making  his  hind 
feet  the  fulcrum,  and  the  centre  of  gravity  of  his  bray  to  lean 
over  it,  at  as  great  a  distance  as  possmie,  by  thrusting  out  his  hind 
feet)  bv  this  means,  acting  both  by  his  weight  and  muscular 
strength,  and  lengthening  the  acting  pait  of  the  lever  a  6,  he 
overcomes  the  difficulty  nK>re  by  hb  weight  than  by  his  muscular 
strength :  for  the  muscles  of  the  fore  le^  act  upon  the  bones  to 
to  great  a  mechanical  disadvantage,  that  though  he  exerts  them 
with  all  his  might,  they  serve,  in  greoi  efforts,  for  little  more 
than  props  to  tlus  forepart  of  his  body.  Hence  we  see  the 
great  use  of  heavy  horses  for  drai^ht.  But  the  great  mecbani- 
cal  use  and  advantage  of  the  indined  line  of  dmught  may  be 
more  particularly  seen,  by  calling  the  line  a  b  the  acting  part 
of  the  lever,  and  the  nearest  approach  from  the  fulcrum  fr  to  the 
inclined  line  of  draught  (that  is,  b  c)  the  resisting  pait  of  the 
lever:  compare  this  with  the  misting  part  of  a  lever  touching 
the  horifloutal  line  of  draught,  (that  is,  b  dj)  and  it  will  be  found 
nearly  double;  in  consequence,  agreeably  to  the  known  pn^* 
perfies  of  the  lever,  a  weight  at  g  would  require  double  the 
exertion  in  the  horK  to  remove  it,  that  the  aame  weight  would 
require  were  it  placed  at  e. 

From  the  aboye  data,  several  important  practical  oooclosioiis 
may  be  drawn ;— one  is  particularly  important,  that  siogle-horse 
carts  are  preferable  to  teame,  because  in  a  team,  all  but  the 
shaft  horre  must  draw  horiaonlally,  and  consequently  in  a  man« 
oer  inconsistent  with  their  structure,  and  the  established  Uws 
of  mechanics.  The  small  horses  of  the  mwth  of  England 
draw  more  weight  of  actual  goods  than  our  largest  waggon 
horses,  and  go  longer  stages*  The  small  bones  of  Ireland, 
as  a  common  load,  draw  fifteen  hundred  weight  of  goods,  and 
il»nl  frfthec  ia  a  day  thaa  out  wagfoosi  and  ow  wone  roads 
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iban  ours  are  in  geneial;  ten  or  twdve  hmidred  we^bt  of  real 
goods  10  as  much  as  Mb  to  the  share  of  one  nagguu  hone, 
whose  superior  strength  is  wasted  upon  a  cnintieroos  vehicle 
and  br  the  mechanical  disadvantages  of  hb  drnoght. 

Wa|rgon«wbeels  are  generally  made  with  the  extremities  of 
the  axle  inclined  downwards;  thus  is  forfeited  the  advantage 
of  their  being  formed  in  a  faitbe,  and  the  ends  are  sddoro,  per« 
haps  nerer,  inclined  in  the  same  aacfle  or  exactly  opposite  caclt 
other,  oonseqoeotly  the  tendency  of  the  motions  of  the  wheds 
is  in  dtfinent  directions,  and  the  draught  of  the  hones  is  con* 
stantly  exeited  in  twisting  them  out  of  their  natural  course. 
This  mischief  is  increased  by  berelling  the  wheeb,  and  the 
horses  are  harassed  to  no  purpose  excqit  that  of  grfaiding  tho 
riNids.  Let  a  berelled  wheel  be  rolled  by  itself,  it  will  soon  be 
seen  that  it  will  not  prooeed  in  a  straight  line,  but  in  a  cnrred 
line,  like  a  cone.  Sir  George  Sayille,  a  philosophic  potrioty 
whose  memory  b  illustrious,  calculated  how  far  a  waggon  was 
rendered  a  sledge  in  a  journey  from  l^ondon  to  York.  The  di^ 
tance  b  two  hundred  miles;  thirty  of  which  he  found  the  wag>- 
gon  is  drawn  as  if  it  were  a  sledge  without  wheels.  Another 
disadvantsge  of  a  waggon  arises  from  the  sluggbhness  of  its 
motion.  Tab  will  be  mdily  underatood  and  allowed,  when  il 
is  considered  how  snrall  a  force  will  continue  the  motkm  of  a 
heavy  body,  moving  with  a  ceitain  degree  of  rapidity,  in  oooh 

Erison  wUh  what  b  rrqnired  to  impel  it  from  a  state  of  rests 
t  if  the  motion  of  the  body  be  extremely  slow,  the  force 
necessary  to  keep  it  np,  must  be  nearly  equal  to  that  which 
moved  it  at  first.  The  latter  case  b  precisely  that  of  waggon, 
lorses,  which  have,  evety  instant  of  tneir  draught,  to  oveicoom 
nearly  the  whole  inertia  of  their  load. 

A  sledge,  in  sliding  over  a  plane,  suflen  a  fricthm  equina 
lent  to  the  dislanoe  through  which  it  moves ;  but  if  we  apply 
wheels,  the  circumference  of  which  b  eighteen  fieet,  and  they 
torn  upon  axles,  the  cireumference  of  which  b  onlv  six  inches^ 
it  ,b  phin,  that  while  the  carriage  moves  eighteen  met  over  the 
]plane,  the  wheels  make  Imt  one  revolution ;  and  as  there  b  no 
sliding  of  parts  between  the  plane  and  the  wheeb,  but  only  a 
mere  change  of  surface,  no  friction  takes  place  there,  the 
whole  being  transferred  to  the  nave  acting  on  the  axle ;  so 
that  the  only  sliding  of  parts  has  been  betwixt  the  inside  of  the 
nsve  and  the  axk,  which,  if  they  fit  one  another  exaetlj,  ia 
ho  more  than  six  inches,  hence  the  friction  b  reduced  in  the  pio- 
pofftion  of  six  inches  to  eighteen  feet,  that  b,  as  thirty«aix  to 
one.  In  all  cases,  by  applying  wheeb,  the  Friction  b  thws 
UmntAy  bitbapospQitiimof  thedfauaeterof  the  ades  to  thil 
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•f  the  wheals.  ADotber  advantage  is  also  gaioedi  by  having^ 
the  surfaces  of  friction  confined  to  so  small  an  extent,  arising; 
from  the  circumstance  of  their  beinff  easily  made  true,  ke|2 
smooth,  and  fitted  to  each  other.  The  only  inconvenience  is 
the  height  of  the  wheels,  which  must  in  most  cases  be  adctod  to 
that  of  the  carriage  itself. 

A  four-wheeled  carriage  may  be  drawn  with  five  timea  as 
much  ease  as  one  that  slides  upon  the  same  surface  in  the  con* 
dition  df  a  sledge.  In  four-wheeled  carriages,  the  fore>wbeels 
are  made  of  a  less  size  than  the  hind  ones,  in  order  to  enable 
them  to  turn  in  less  room ;  but  the  carriage  would  go  much 
easier,  if  the  wheels  were  all  of  the  same  height. 

Large  wheels  have  the  advantage  over  small  ones  in  over- 
coming obstacles,  because  wheels  act  as  levers  in  proportion  to 
their  various  sizes;  but  when  they  are  so  high  as  not  to  allow 
the  line  of  draught  to  Imve  the  inclination  before  stated,  their 
advantage  as  longer  levers  is  counterbalanced  by  their  lessening 
the  intensit  V  of  the  moving  power ;  therefore  the  total  advantages 
of  wheeb  drawn  horizonta  lly  do  not  increase  proportionally  to 
their  height.  If  a  wheel  be  three  feet  six  inches  in  height,  and 
drawn  from  any  part  of  the  carriage,  so  that  the  iineofdraught 
continued  might  pass  three  inches  below  the  centre  of  the  axle^ 
it  would  have  all  the  advantages  of  a  wheel  of  four,  five,  of 
UK  feet  in  diameter*  In  ascending,  high  wheds  will  be  found 
1o  facilitate  the  draught  in  exact  ratio  with  the  squares  of  their* 
diameters ;  but  in  descending  they  are  liable  to  press  in  the  same 
pcoportion.  An  admirable  device  was  produced  by  Lord 
Boneni|lle,  to  remedy  the  latter  evil;  it  consisted  in  throwing 
Ihe  weight  behind  the  centre  in  going  down  hill,  bv  raising  Uia 
fore-part  of  the  bod^  of  the  cart ;  so  that  while  the  shaft  may 
incKae  downwards,  m  proportion  to  the  line  of  declivity,  the 
bottom  of  the  cart's  body  should  remain  horizontal*  This 
construction  is  now  common  in  Devonshire,  and  some  other 
eovntics* 

As  sm^  wheds  torn  as  mach  oftener  round  than  large 
ones  as  their  circumferences  are  less,  soi  when  the  carriage  is 
loorifd  with  an  equal  weij^ht  on  both  axles,  the  fore  axle  must 
aosAain  m  nach  more  friction,  and  consequently  wear  out  as 
Biiicb  sooner  than  the  bind  axle,  as  the  fore-wheels  are  less  than 
the  hind  ones*  This  points  out  that  the  greatest  weicht  should 
be  laid  upon  the  burge  wheds ;  yet  it  is  generally  tlie  practice 
to  pot  the  greatest  load  over  the  small  wheels,  which  not  only 
naluBs  the  triction  gnatest  where  it  ought  to  be  the  least,  but 
ste>  praases  the  fore-wheds  deeper  into  the  ground  than  the 
Und-wheels,  Botwithstaodingtbefonner  aie  with  more  difficulty 
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drawn  out  of  it  tbm  the  latter*  The  timitalion  to  loading  Urn 
hiDd^wbeels  with  the  greatest  part  of  the  weight,  will  oontigl 
im  not  carrying  it  to  such  an  exoes*  aa  to  endanger  the  tilting 
ei  the  vehicle,  in  going  up-hill. 

Wheeb  are  commonly  made  with  what  is  called  a  disb,  that 
is,  the  spokes  are  set  at  an  angle  into  the  nave  or  oentre-pieoe  ( 
so  that,  if  the  interior  end  of  the  nave  were  placed  on  the 
ground,  the  spokes  being  higher  at  the  outside  than  at  their 
termination  in  the  nave,  the  wheel  appears  dished  orhollow* 
"Wheels  are  usually  dished  about  four  inches  in  a  diameter  of 
five  feet.  If  the  wheels  were  always  to  go  ou  smooth  and  level 
ground,  the  best  way  would  certainly  be  to  make  the  spokea 
perpendicuUr  to  the  naves  and  axles  $  because  they  woold  then 
Mar  the  load  perpendicularly,  in  which  position  wood  supports 
the  greatest  weight.  But  because  roads  are  generally  uneven, 
one  wheel  often  falls  into  a  cavity,  or  rut,  when  the  other  does 
not,  and  then  it  bears  much  moie  than  an  equal  share  of  the 
load.  Hence  the  utility  of  dishing  the  wheels,  because  when 
^  dished  wheel  falls  into  a  rut,  the  spokes  become  perpendicular 
in  the  rut,  and  therefore  have  the  greatest  strength  when  the 
obliquity  of  the  load  throws  most  of  its  weight  upon  them; 
whilst  those  on  the  high  ground,  having  less  weight  to  bear, 
have  no  occasion,  at  that  time,  for  their  utmost  strength. 
Dished  wheeb,  when  on  straight  or  horizontal  axles,  have  many 
other  excellences ;  they  make  carriages  to  stand  on  a  biDader 
base,  and  therefore  render  them  less  liable  to  be  overturned ; 
Ibey  give  more  room  to  the  body  of  the  carriage  than  if  tlie 
spokes  were  perpendicubr;  they  stand  against  si<K*jolts  like  an 
nrch,  and  when  the  carriage  is  going  alone  the  inclined  side  of 
a  road,  they  render  it  less  liable  to  be  overthrown. 

If  the  spokes  be  set  so  &r  from  the  outor  end  of  the  nave, 
that  a  perpendicular  from  the  sole  to  the  under  side  of  the  axle 
may  tall  between  an  inch  and  two  inches  between  the  boshei, 
the  pressure  will  be  somewhat  greater  on  the  outer  than  on  the 
inward  bush,  when  the  wheels  are  on  a  level.  Thk  will  be  an 
ndvantue ;  for  the  inner  part  of  the  axle-arm  being  much 
larger  than  the  outer,  it  has  more  friction,  therefore  the  pwssuis 
should  be  diminbhed ;  besides,  every  sinking  of  the  wheel,  mors 
than  the  other,  causes  it  to  pinch  the  inner  bush.  It  has  been 
proposed,  as  the  best  mode  of  placing  the  spokes  in  the  naves, 
to  mortice  them  in  two  rows,  alternately ;  thb  does  not  weaken 
the  centre  so  much  as  when  all  the  spokes  are  in  one  row  or 
band,  and  gives  a  greater  power  of  resiilanoe  outwards. 

The  Question  whether  broad  or  narrow  wheeb  are  best,  baa 
been  mucn  contested.    The  popular  opinion  1ms  always  been 
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in  favoar  of  narrow  wheels;  and  accordingly,  the  carriers 
thought  themselves  injured  by  the  broad-wheel  act,  though  it 
allowed  them  to  draw  with  more  horses,  and  carry  greater  loads 
than  usual.  This  matter  deserves  a  moment's  attention. — We 
have  observed  on  a  former  occasion,  that  friction  increases  some* 
what  with  an  increase  of  surface :  so  far  then,  the  opinion  of  the 
carriers  tallys  with  a  general  truth ;  but  it  is  at  the  same  time  true^ 
that  if  the  moving  oody  have  so  thin  a  resting  edge  as  to  cut 
into  the  surface  over  which  it  passes,  the  friction  will  be  actually 
increased  by  the  diminution  of  the  surfaces  in  contact.  It  is 
the  want  of  duly  considering  this,  that  supports  the  prejudice 
in  favour  of  narrow  wheeb,  which  cut  and  sink  into  tne  roads, 
and  may  be  considered,  except  on  the  very  few  roads  that  are 
impervious  to  them,  as  constantly  going  up-hill,  even  upon 
level  ground.  But  experience  testifies,  that  instead  of  tnus 
ploughing  the  roads,  broad  cylindrical  wheels  smooth  and 
narden  tl^m,  and  move  with  greater  fiu:ility. 

If  the  tire  or  iron  binding  of  a  wheel  be  in  separate  parts, 
and  not  in  one  single  hoop,  these  parts  should  not  be  made 
quite  to  meet  each  other  at  the  first ;  1>eGause  when  the  wheel 
has  been  sometime  in  use,  they  will  settle  more  closely  to  the 
wheel  than  they  can  be  laid,  and  the  vacancies  will  then  be 
filled  up.  The  axle  arm  should  be  a  little  tapered,  in  order 
that  it  may  give  the  wheel  rather  a  disposition  to  slide  oflf,  other* 
wise  it  would  be  apt  to  close  inwardly,  and  create  excessive 
friction ;  hence  the  necessity  for  fjood  iron  washers  exteriorly, 
and  of  substantial  linch-pins.  It  is  not  an  uncommon  practice 
to  9ei  the  wheels,  that  is,  to  give  them  a  slight  inclination 
towards  each  other,  whereby  they  are  perhaps  an  inch  nearer  at 
the  front  than  at  the  back :  thb  is  chiefly  done  to  wheels  that 
are  bevelled,  with  a  view  to  make  them  run  more  evenly  on 
their  sole  or  bearing  part,  and  to  prevent  their  gaping  formrd  s 
but  it  is  evidently  a  dbtortion,  an  attompt  to  rectify  one  bad 
thing  by  another  of  the  same  character,  as  if  the  multiplica- 
tion of  mischirf  wo«ld  produce  good. 

The  nave  of  a  heavy  wheel,  as  for  an  ordinary  cart  for  field 
purposes,  need  not  be  more  than  twelve  or  fourteen  inches  in 
feuth ;  if  too  short,  the  wheel  will  wabble,  unless  fitted  very 
ti^bthr  mi  the  axle ;  while  too  long  a  nave  is  apt  to  cateh  the 
dirt  nam  the  upper  pait,  and  to  projject  too  much  beyond  the 
outer  face  of  the  fellies ;  the  length  just  stated  is  exclusive  of 
the  pan  at  the  outer  end* 

The  proportions  of  wheels  are  often  regulated  as  much  b^ 
the  purposes  to  which  the  vehicles  ure  applied,  as  by  the  facilw 
tics  they  affiml  to  motion;  thus  waggons  have  in  genenl  laifa 
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hind  wheek,  while  in  tinber  cBimget  the  fmar  me  nearly  of 
the  tune  height;  the  London  coounon  stage  caiti  have  hi^ 
wheels,  whik  the  dnys  nwd  by  jxewers  mto  rery  low  oms. 
The  teaion  is  obvions;  wagfcons  and  carts  kad  behind;  bnt 
timber  carnages  and  drays  load  at  the  sides,  and  therefine,  for 
Ibem,  large  wheels,  howerer  mnch  they  might  fiivoor  the  draught, 
wonld  be  extmndy  tnconyenicot,  indnd  incompatible  with 
their  use*  The  wheeb  of  sin^de-horse  carls  for  ordinary  par* 
poses,  where  there  is  no  particular  necessity  for  haTing  tneot 
low,  may  be  finrmi  fionr  feet  eieht  to  6re  feet  two  inches  in  dianie* 
ler,  for  a  hone  of  aboot  filteen  hands  and  a  half  high.  For 
four* wheeled  carriaers,  sappose  fonr  feet  four  inches  to  be  the 
height  of  the  fonvwbecb,  anit  the  line  of  traction  to  be  drawn 
at  an  eleyation  of  fonrtem  degrees  from  the  centre  of  its  axle, 
the  point  where  that  line  cots  the  circnmference  of  the  wheel  in 
its  front,  gives  that  height  from  the  plane  on  which  the  carriage 
stands,  that  will  determine  the  radios  of  the  hind*wheels.  Thns 
the  height  from  /  to  nr,  %•  9,  pL  Y ,  wonld  be  the  radios  of 
n  hind  wheel  to  snit  the  fore  wheel  a. 

Wheels,  whatever  their  sise,  shook!  be  made  of  wdl  sen* 
aoned  tough  wood,  perfectly  free  from  blemish ;  the  naves  are 
generally  of  elm,  the  spoka  of  oak,  and  the  fellies  of  dm  or 
of  ash.  The  bent  fellies,  when  the  wood  has  not  been  hnrt  by 
too  much  hrat,  have  greater  strength  with  lem  wood,  than  those 
which  are  cut  by  the  saw  in  a  curved  direction. 

It  is  common  in  many  phuxs,  and  deserves  to  be  aoefery* 
where  to  have  a  contrivance  for  rdieving  the  horse  of  a  landed 
cart  from  the  weight  pressing  on  his  shoydors,  when  it  is  neoea* 
aary  for  any  purpose  to  stop  awhile ;  this  useful  object  is  attain* 
ed  bf  an  appendage  so  simple  as  that  of  n  pole  or  staff,  which, 
turning  on  a  hook^nd^ye  hinge,  is  let  down  from  one  of  the 
shafts,  and  effects  the  purpose. 

Clock^Wouk* 
The  term*  clochwork^  originally  imported  those  wheek,  pi# 
nions,  and  other  mechanism^  which  constituted  the  striking 

Eift,  or  what  was  formerly  celled  the  ctoek  past  of  a  movumenk 
r  measuring  time;  and  that  part  of  the  machine  which  gafii 
motkm  to  the  hands  fer  showing  the  putts  of  time,  was  called 
the  SMidk  part.  But  at  present  the  term  watch  is  appioprialetl 
to  such  movements  fiw  measuring  time  as  are  earned  in  the 
pocket;  and  the  larger  movements,  whether  they  sUrike  or  nnl^ 
are  called  clocks. 

Watches  which  strike  the  hour,  art  called  potkdt  dmkMf  or 
aiofp  commonly  re^tulmg  maichet. 
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The  term  chramnndery  is  chiefly  used  by  workmen  and  na« 
▼igators,  to  denote  a  watch  or  portable  machine,  constructed 
with  so  much  care  and  skill,  as  to  be  fit  for  determining  the 
Iimgitude  at  sea.  The  word  Ume^keeper  is  a  fit  appellation  for 
an  astronomical  clock,  but  it  is  oiten  employed  with  the  same 
latitode  as  IJme-ptVre,  which  is  of  more  extensive  signification, 
as  a  general  name,  or  a  varied  or  compendious  mode  of  denote 
log  *'  any  instrument  for  measuring  time." 

In  treatises,  it  is  usual,  for  the  sake  of  distinction,  to  use 
the  terms  clock  and  watch  in  their  ancient  sense,  generally  wiCb 
the  woid  part  after  them ;  thus  by  the  expression  clock  party  is 
meant  the  striking  portion  only,  and  that  of  zcalch  party  the 
going  portion  only. 

There  are  many  documents  to  prove  the  existence  of  clocks, 
with  wheels  and  weights,  in  the  middle  of  the  fourteenth  cen- 
tury ;  but  the  invention  cannot  be  traced  to  an  earlier  date  with 
any  certainty.  The  sphere  of  Archimedes,  indeed,  has  been 
considered  as  the  first  attempt  towards  the  formation  of  a  clock ; 
it  had  a  maintaining  power,  but  being  without  any  kind  of 
legofailor,  could  only  measure  time,  as  a  planetarium  exhibits 
the  motion  of  the  stars,  with  relative,  but  not  positive  precision. 
The  opinion  of  Berthoud,  who  has  investigated  the  subject 
wUh  attention,  is  evidently  just,  when  he  asserts  that  the  clock 
IS  not  the  invention  of  any  one  man,  bnt  an  assemblage  of  suc- 
cessive inventions,  each  of  which  is  worthy  of  a  separate  con« 
triver.  1.  Wheelwork,  which  was  known  in  the  time  of  Archi- 
medes; S.  the  application  of  the  vijeight  as  a  maintaining  power; 
3.  the  use  of  the  fly  as  a  regulator ;  4.  the  ratchet  wheel  and 
click ;  5.  the  substitution  of  the  balance  for  the  fly,  and  the 
escapement  which  was  necessarily  introduced  at  the  same  time  ; 
6.  the  application  of  the  dial  and  bands ;  and  7.  the  addition  of 
the  striking  part. 

The  introduction  of  the  spiml  spring,  as  a  first  mover,  in- 
stead of  a  weight,  took  place  about  the  beginning  of  the  sixteenth 
century.  About  the  year  1650,  a  new  era  in  the  art  of  clock- 
work commenced,  by  the  application  of  the  pendulum  as  a 
r^olalor;  in  the  year  1715,  a  compensation  for  the  efiects  of 
change  of  lempemtore  was  applied  to  time-pieces,  which,  not 
long  after,  were  contrived  so  as  to  go  while  they  were  wound 
up.  From  tfab  time,  improvements  succeeded  each  other  with 
great  rapidity.  These  improvements  relate  partly  to  more  ac* 
curate  workmanship,  but  principally  to  the  escapement,  or 
ditierent  modes  of  connecting  the  wbeeUwork  with  the  pendulum 
or  balance.  Volumes  would  be  required  to  do  justice  to  the 
fnaon  who  have  distinguishsd  thesBsslves  in  thjiUine  of  aiif 
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bat  we  miul  go  IkUe  beyond  the  general  principlcB  of  this  tort  of 
mechanism,  and  these  will  perhaps  be  best  understood^  if,  in 
the  first  place,  we  desoribe  the  parts  of  a  clock. 

The  profile  of  the  watch  or  goin^  part  of  a  clock  is  shown 
by  fig.  ],  pi.  Yl.  P  is  a  weight  which  keeps  the  dock  goinif ; 
it  is  suspended  by  a  catgut  band  that  winds  about  the  cylinder 
or  barr^C,  which  is  fiaed  upon  the  axis  o  a;  the  pirots  bb  go 
into  boles  made  in  the  brass  plates  ST,  TT,  in  which  they  turn 
freely.  These  plates  afe  connected  by  means  of  four  pillars, 
only  two  of  which,  ZZ^  can  be  seen  in  the  profile,  aind  the 
whole  together  is  called  the  frame.  On  the  circumference  of 
barrel  C  is  a  spiral  groove,  in  which  the  catgut  lies,  and  is 
caused  to  wind  round  in  a  regular  manner. 

The  weight  P,  if  not  restrained,  would  necessarily  turn 
the  barrel  C,  with  a  uniformly  acoelenUed  motion,  in  trc  saroo 
manner  as  if  the  weight  was  fiiUing  freely  from  a  he^ht ;  bul 
the  band  is  furnished  with  a  ratchet-wheel,  KK,  the  right  sides 
of  the  tedh  of  which  strike  against  the  click,  which  is  fixed 
with  a  screw  to  the  wheel  DD,  so  that  the  action  of  the  weight 
is  communicated  to  the  wheel  DD,  the  teeth  of  which  act  upon 
the  leates  of  the  pinion  d  which  turns  upon  the  pirots  e  e. 
This  communication  of  the  teeth  of  one  wned  with  another  is 
called  pitching.  Several  things  are  requisite  to  form  a  good 
pitching,  which  is  very  important  in  all  macbiaeiy  where 
wheels  and  pinions  are  employed ;  the  teeth  and  pinion  leaves 
should  be  or  a  proper  shape,  and  perfectly  equal  among  then»» 
selves;  the  size  also  of  the  pinion  should  be  of  a  just  propor* 
tion  to  the  whed. 

The  wheel  £B  is  fixed  npcm  the  axis  of  the  pinion  d;  and 
the  motion  communicated  to  the  wheel  DD  by  the  weight,  is 
transmitted  to  the  pinion  i/,  coosequenlly  to  the  wbed  £E,  m 
likewise  to  the  pinion  e,  and  wheel  FF,  which  moves  the  pinion 
',  upon  the  axis  of  which  the  last  or  swing  whed  GH  is  fixed, 
n  a  word,  tlie  motion  beffun  by  the  weigM  is  transmitted  ham 
the  wheel  GH  to  the  pallets  iK  of  the  eseapement  fixed  on  an 
arbor  going  throuj^  the  back  plate  oi  the  frame,  and  carrying 
a  lever  Xu,  which  is  forked  at  the  lower  part  to  reodve  the 
pendulum.  The  pendulum  consists  of  a  metallic  rod,  suspend* 
ed  by  a  very  slender  piece  of  sted  spring  y,  from  a  brass  bar 
A,  screwed  to  the  fraine  of  the  dock,  andlias-a  heavy  weight 
or  bob  at  its  lower  end.  The  pendulum  ^B,  if  once  put  in 
motion,  will  describe  round  the  point  of  suspension  jr,  a»  are 
of  a  circle,  and  will  continue  to  go  altematdy  backward  and 
Ibrward  till  the  force  impressed  upon  it  is  wasted,  by  the  usiid 
«iMs  whidi  lend  to  destrogr  dl  othor  artifidd  MrtiMSy  f » 
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friction  and  gniTifaitbB*  Tbe  pendolum  is  (be  (tae»iiieasttrer ; 
at  every  vibratton  which  it  makes,  the  teeth  of  the  swing-wheel 
GH  act  upon  the  pallets  IK,  in  such  a  manner,  that  cSter  one 
tooth  H  has  communicated  motion  (o  tbe  pallet  K,  that  tooth 
escapes  ;^  then  the  opposite  tooth  G  acts  upon  the  pallet  1,  and 
escapes  in  the  same  manner :  and  (bus  each  tooth  of  the  wheel 
escapes  tbe  pallets  IK,  aAer  having  communicated  their  motion 
to  tne  pallets;  so  that  the  pendulum,  instead  of  stopping, 
continues  to  move. 

The  wheel  JilE,  revolves  in  an  hour;  the  pivot  c  of  this 
wheel  passes  through  the  plate,  and  is  continued  to  r;  upon 
this  pivot  b  a  wh^l  NN,  with  a  long  socket  fastened  in  its 
centre;  upon  the  extremity  of  this  socket  r  the  minute-hand  is 
fixed.  The  wheel  MN  acts  upon  tbe  wheel  O;  the  pinion  of 
which,  Pj  acts  upon  the  wheel  gg^  fixed  upon  a  socket  which 
tarns  along  with  the  wheel  N.  This  wheel  gg  makes  its  revo* 
lation  in  twelve  hours,  and  upon  the  barrel  of  it  is  fixed  the 
hour-hand. 

.  From  tbe  above  description  it  is  easy  to  see,  1 .  that  tbe  weight 
P  turns  all  the  wheels,  and  at  the  same  time  continues  the  mo- 
tion of  the  pendulum ;  8.  that  tbe  quickness  of  the  motion  of 
tbe  wheek  is  determined  by  that  of  the  pendulum ;  and,  3.  « 
that  the  wheels  point  out  tbe  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum.  When  tbe  catgut  upon  which 
tbe  weight  b  suspended  is  entirely  run  down  from  off  tbe  barrel, 
it  is  wound  up  again  by  means  of  a  key,  which  goes  on  the 
square  end  of  the  arbor  or  axb  Q,  by  turning  it  in  a  contrary 
direction  from  that  in  which  the  weight  descends*  For  this 
purpose,  tbe  inoUned  side  of  the  teeth  of  tbe  latchet-wheel  K, 
(see  the  projection  oi  the  works^  fig.  S,)  removes  tbe  click  C, 
so  that  the  wheel  K  turns  with  the  barrel,  while  the  wheel  D 
b  at  rest;  but  as  soon  as  the  band  is  wound  up,  the  click  falls 
in  between  the  teeth  of  tbe  wheel  K,  and  the  ri^ht  side  of  the 
teeth  again  act  upon  the  end  of  tbe  dick,  which  obliges  the 
wheel  D  to  run  slong  with  the  barrel,  and  tbe  spring  A  keeps 
tbe  click  between  the  teeth  of  the  latcbet^wheei  K.  Suppos- 
ii^  the  wheel  DO  to  turn  once  round  in  twelve  hours,  which  it 
is  usually  calculated  to  do  in  the  best  time-pieces,  then  will 
sixteen  turns  of  tbe  catgut  on  the  barrel  C,  fig.  1^  suffice  lo 
keep  the  dock  going  eight  days* 

It  will  now  be  proper  to  explain  how  time  b  measured  by 
tbe  motioA  of  the  peadulttm;  and  how  tbe  whed  E,  upon  the 
axb  of  whtcb  the  minute  band  b  fixed,  makes  bat  one  precise 
revolution  in  an  hour*  The  vibrations  of  a  pendulum  are  per* 
fonned  in  a  shorter  or  longer  time  in.  proportion  to  the  length 
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in  as  boor:  that  Mi, 
of  IMK,  aad  fer  tkfll 

7.iiH»)  T-.bralirrn  n  an  kmr*  •r  tip* 
of  lime*  and  »  called  a  Adf/  vrrmad 
Ciifc^tfcmig  a  vhrri  vhoK  rr  %uJ»itiB«  aisl  hp  petfaracd 
a  ifiTrtt  tirfi#%  tlir  time  of  ibe  ▼ihralioaa  of  tbe  pe»4alf 
which  rc^jlaie  iU  mofinn  mosl  be  crwHidrfrd  Sapposine, 
%hrn^  tbal  fhe  pemJnlani  ^  B  iiiakr»  7.90U  ▼ibfslioaa  b  am 
brior,  bi  m  ronjiider  bnv  tbe  vbeel  E  tbaH  take  op*  as 
bitir  IB  HKiLinc  one  irroluCioa  Th^  <atiwU  dcpeadioa  tbe 
muabrr  of  trctb  in  tbe  «bfel»  asl  piaioas  If  tbe  swui?  «bed 
rrintaia»  M  tmh,  it  will  lam  once  nMind  ia  Ibe  tme  that 
tb#  pnidalaiB  makirs  60  Tibratioos:  far  at  evety  tarn  of  tbe 
nhorl,  tbe  Mine  tootb  acts  once  tn  tbe  pallet  I,  and  once  oir 
Ibe  pallrt  K,  and  at  racb  stroke.,  tbe  prndalam  maka  a  vibialion  ; 
Iheretofe  a»  the  vbeH  baa  X  lectb,  it  occa»ioni  twice  91^ 
Tibraii^iiia;  con<eqaentlj  Ibia  wbert  nasi  pcrfef  IWreroio* 
liona  in  an  boar;  became  60  Tibc^f iona,  wbicb  it  occasions  at 
ervrj  rrrolation,  are  containnl  ISO  linMs  in  7,900,  Ibe  nom- 
brr  of  ribfaliona  perfijniicd  bj  tbe  pmdotom  in  an  boar.  Now 
in  order  lo  tlHcmiiiie  Ibe  aombrr  of  teelb  for  Ibe  wheels  EP, 
and  their  pininna  e/,  it  must  be  lenurked,  that  one  levolation 
of  the  wheel  £  must  torn  tbe  pinion  e  aa  anny  times  aa  tbe 
nnmbrr  of  teeth  in  tbe  pinion  ia  contaiarri  in  tbenamberof 
leHb  in  the  wberl.  Tbos,  if  tbe  wbcH  E  coatama  7%  tcelb^ 
and  tbe  pinion  e  containa  6,  tbe  pinion  will  make  IS  rerolotioiia 
ia  the  time  that  the  wheel  makes  one;  for  cnck  tooth  of  tbe 
whrel  drives  forwaid  a  tooth  of  tbe  pinion,  mul  when  the  6 
tef-th  of  ihe  pinion  are  moved,  a  complete  irvubtthm  ia  per- 
formed ;  b«il  the  m  bed  E  baa  bj  that  time  onlr  advanced  6  teeth, 
and  baa  still  66  to  advance  before  ita  revololioo  ia  completed, 
which  nil!  occaaion  II  more  revolationa  of  the  pinion.  For 
the  aame  reaaon,  the  wheel  F  having  60  teeth,  imd  the  pinion 
/  only  6,  the  pinion  will  make  10  revdotiotia  while  the  wbed 
performa  one.  N<iw  the  wheel  F  beine  tamed  bj  tbe  pinion 
€,  makes  18  levdotiona  fot  ofie  of  tbe  wheel  B;  and  tbe  pinion 
/  makea  10  n-Tolationa  for  one  of  the  wheel  F;  comequently, 
the  pinion  /  performs  10  timea  12,  ot  IfiO  revolntiona  in  the 
time  the  whed  £  performs  one.  But  the  wheel  G,  which  is 
torned  bj  the  pinion  /,  occaaiona  60  vibrationa  in  tho  pendnlum 
each  time  it  tnrna  round;  consequently  the  wheel  G  oocaaioos 
W  times  180,  or  7,800  vibrations  of  the  pendulum  white  tbe 
wheel  E  pcrlonns  one  revotulion;  but  7,800  is  the  nnaiiber  of 
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vibrations  made  by  the  pendulum  in  an  hour,  and  consequently 
the  ifibeel  £  performs  but  one  revolution  in  an  hour;  and  &o  of 
,the  rest. 

•From  this  reasoning  it  is  easy  to  discover  hoir  a  clock  may 
be  made  to  go  for  any  length  of  time  ivHhout  bekig  wound 
.up:  i.  by  incveasing  the  number  of  teeth  in  the  wheels;  2. 
by  diminishing  the  number  of  teeth  in  ihe  pmions;  S.  by 
iiicFeasing  the  length  of  the  cord  that  suspends  the  weight; 
and  lastly  by  adding  to  the  number  of  wheels  and  pinions :  but, 
in  proportion  as  tlie  time  is  augmente<L,  the  weight  must  be 
incrcased,  or  the  force  which  it  communicates  to  the  last  wheel 
Gil  will  be  diminished. 

With  respect  to  the  watch-part  of  the  movement  we  are 
considering,  it  only  remains  to  take  notice  of  the  number  of 
teeth  in  the  wheels  which  turn  the  hour  and  minute  hands.-— 
The  wheel  K  performs  one  revolution  in  an  hour;  the  whi^ 
MN,  which  is  turned  by  the  axis  of  the  wheel  £,  must  like- 
wise make  only  one  revolution  in  the  sametime;  and  the  minute 
hand  is  fixed  to  the  socket  or  tube  of  this  wheel,  which  is  fit- 
ted pretty  tight  upon  the  axis  c  of  the  wheel  E,  and  being  thus 
carried  round  only  by  friction,  the  hand  mny  be  moved  round 
without  affecting  the  wheek  between  the  brass  plates.  The 
wheel  N  has  SO  teeth,  and  acts  upon  the  wheel  O,  which  has 
likewise  30  teeth,  and  the  same  diameter;  consequently  the 
wheel  ()  takes  an  hour  to  a  revolution;  now  the  wheel  O  carries 
the  pinion  p,  which  has  six  leaves,  aud  which  acts  upon  the 
wheel  ^g  of  78  teeth  ;  consequently  the  pinion  p  makes  12 
revolutions  while  the  wheel  gg-  makes  one,  of  cmirse  the  wheel 
gg  takes  twelve  hours  to  one  revolution,  and  upon  the  barrel 
of  this  wheel  the  hour-hand  is  fixed. 

Most  of  the  wht«ls  belonging  to  the  striking  part,  as  well  as 
iDost  of  those  belonging  to  the  going  part,  are  included  between 
the  brass  plates  SS,  TT,  seen  edgeways  in  fig.  1 ;  the  reason 
of  their  being  omitled  in  that  fiifure,  is  to  avoid  confusion ; 
but  a  projection  of  the  whole  of  the  wheels  between  the  plates, 
as  they  would  be  seen  it  the  brass  plate  SS  was  removed,  is 
shown  by  fig.  2,  where  the  same  letters  refer  to  the  same  parts 
as  in  fig.  1.  Fig.  3.  shows  so  much  of  the  mechanism  of  the 
striking  part  as  is  contained  lietween  the  brass  plate  SS  and 
the  diHl  plate.  The  numbers  annexed  to  the  difii^rent  wheels 
denote  the  number  of  teeth  they  contain. 

The  (striking  part  now  more  particularly  requires  our  at- 
tention. In  fisr.  2,  A  ih  the  great  wheel  of  this  part*  with  a 
banel  and  cbck  the  same  as  D;  it  turns  a  pinion  of  eight,  on 
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the  ttne  arbor  with  which  piaioii  it  the  wbcd  t,  tamiiMr  a 
pinion  of  eighi  on  the  arbor  of  the  whcd  A:  of  48  teeth.  The 
wbed  k  tarns  another  pinion  of  eight,  on  the  nune  arbor  with 
ihe  whed  I  of  48,  and  this  last  wheel  tamt  a  pinion  of  6, 
on  the  axis  of  which  b  a  broad  flat  piece  of  metal,  called 
the  fly,  seen  edgeways  at  r.  This  fly  strikes  the  air  with  m 
large  a  sar&ce,  that  the  resistance  it  experiences  prevents  the 
train  of  whcds  from  going  too  fast.  The  wheel  t  has  eight 
pins  projecting  from  it ;  these  pins  raise  the  tail  of  the  hammer 
in  snccession,  as  the  rotation  of  the  wheel  brings  them  to  it ; 
the  hammer  is  returned  Tioiently  when  the  pins  leave  its  tail, 
by  a  spring  s,  pressing  cm  the  end  of  a  pin  thnmgh  its  arbor, 
wnd  strikes  the  bdl  x:  ti  is  a  short  spring  which  the  end  of  a 
pin  through  the  arbor  touches,  just  bffoie  the  hammer  strikes 
the  bell,  ud  its  use  is  to  lift  the  hammer  ott  the  bell  the  instant 
it  has  struck,  that  it  may  not  stop  the  sound.  The  eighth  pin 
in  the  wheel  f,  which  is  called  the  pirnwheel,  must  pass  by  the 
hammer-tail  78  times  in  striking  the  19  hours;  78  being  the 
number  of  strokes  the  bell  receives  during  that  time.  J^  the 
pinion  of  the  wheel  i,  has  eight  leaves,  each  leaf  of  the  pinion 
answers  to  one  of  the  pins ;  and  as  the  wheel  A  has  78  teeth, 
it  will  turn  once  in  IS  hours,  like  the  great  whed  D  of  the 
watch  part.  In  the  pin*wheel  t,  eight  teeth  correspond  to  one 
of  the  pins  for  the  hammer,  and  as  the  pinion  of  the  wheel 
k  has  eight  teeth,  the  whed  k  will  turn  once  for  each  stroke  of 
the  hammer.  Then  as  the  pinion  of  the  wheel  I  turns  6  times 
for  the  wheel  k  once,  and  the  pinion  of  the  fly  turns  8  times 
for  the  whed  i  once,  6  x  8ss48,  the  number  of  turns  made  by 
the  fly  for  one  stroke  of  the  hammer. 

In  fig.  S,  r  is  a  small  pinion  of  one  tooth  called  the  gather^ 
ing  paHet;  it  is  fixed  on  the  arbor  of  the  whed  it,  which  arbor 
oomes  through  the  brass  plate  SS  for  the  purpose;  and  oonse> 
oently,  like  the  whed  Ar,  the  gathering  pallet  turw  round  once 
or  each  stroke  of  the  hammer ;  s  is  a  segment  of  a  large  whed, 
turned  by  the  gathering  pallet,  and  called  the  rack.  The 
arm  a  b  attached  to  the  rack,  and  the  end  of  it  rests  against  a 

Spiral  phrte,  v^  called,  from  its  form,  the  snail.  The  snail  is 
xed  on  the  same  tubular  arbor  as  the  hour  hand  and  whed 
78,  and  turns  round  with  it  once  in  12  hours.  Each  of  the  IS 
divisions  or  steps,  as  they  are  called,  of  the  snail,  answers  to  an 
hour;  the  circular  arcs  forming  their  cireumfeienoe  are  struck 
from  the  centre  of  the  arbor  with  a  difllhrent  radius,  decreasing 
a  certain  quantity  each  time,  in  the  order  of  the  hours ;  and 
each  step  is  an  arc  equal  to  the  tmlAh  part  of  the  ciicumferenoe 
of  whicn  it  is  a  part 
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The  circular  part  of  tbe  rack  s  is  cot  in(o  teeth,  each  of 
"which    18  of  8UCU  a  length,   that  every  step  up<Hi  tbe  snail 
answers  to  one  of  them.     A  spring  w  presses  against  the  tail 
of  the  rack,  and  its  use  is  to  throw  the  arm  a  of  the  rack 
against  the  snail.      The  click  g^  is  called  the  biawk*s  bill ;  it 
takes  into  the  teeth  of  the  rack,  and  holds  it  up  in  opposition 
to  the  spring  w.     The  three^rmed  detent,  b  k^  is  called  the 
warning  piece ;  the  arm  k  is  bent  at  its  end,  and  passes  through 
a  hole  in  the  plate  SS  of  the  frame,  so  as  to  catch  a  pin  fixed 
in  one  of  the  arms  of  the  wheel  t,  fig.  S,  and  which  pin  describes 
the  dotted  circle  in  fig.  S ;  the  other  arm  fr,  stands  so  as  to  fall 
in  the  way  of  a  pin  in  the  wheel  O,  of  SO  teeth.     In  the  pre- 
sent position  of  the  figure,  tbe  wheels  of  the  striking  train  are  in 
motion,  and  would  continue  turning  until  the  gathering  pallet  r, 
which,  as  before  observed,  turns  once  at  each  stroke  of  the 
hammer,  lifts  the  rack  «,  in  opposition  to  the  spring  u?,  one 
tooth  each  turn,  and  the  hawk's  bill  g  retains  the  rack,  until  a  pin 
in  the  end  of  the  rack  is  brought  in  tbe  way  of  the  lever  of  the 
^thering  pallet  r,  and  stops  the  wheels  from  turning  any  farther : 
it  is  in  this  position,  with  the  rack  wound  up,  that  we  shall  be?in 
to  describe  the  operation  of  the  striking  of  the  clock. — The 
wheel  O,  as  just  observed,  turns  once  in  an  hour,  and  conse* 
qnently  at  the  expiration  of  every  hour,  the  pin  in  it  takes  the 
Old  6,  and  moves  it  towards  the  spring  near  it;  this  depresses 
the  end  k,  until  it  falls  into  the  circle  of  the  motion  of  the  pin 
in  the  wheel  /,  fig.  9,  at  the  same  time  the  short  tail  depresses 
one  end  of  the  hawk's  bill,  and  raises  the  other  g,  so  as  to  clear 
the  teeth  of  the  rack  j;  immediately  the  spring  2i>  throws  the 
rack  back,  until  the  end  of  its  arm  a  rests  against  the  snail. 
When  the  rack  falls  back,  the  pin  in  it  is  moved  clear  of  the 
gathering  pallet  r,  and  the  wheels  are  set  at  libeity ;  the  main- 
toining  power  or  weight  puts  them  in  motion,  but  in  a  very 
short  time  before  the  hammer  has  struck,  the  pin  in  the  wheel  t 
fiills  against  the  end  A:,  and  stops  the  whole :  this  operation  hap^ 
pens  a  few  minutes  before  the  clock  strikes,  and  the  noise  of 
the  wheels  turning  is  called  the  warning.      When  the  hour  is 
expired,  the  wb«el  O  has  turned  so  for  as  to  allow  the  end  oi 
tbe  arm  b  to  slip  over  its  pin,  as  in  the  figure ;  tbe  smM  spring 
pressing  against  it  raises  the  end  A:  so  as  to  be  within  the  circle 
of  the  pin  m  the  wheel  /,  fig.  S :  every  obstacle  is  now  removed ; 
the  pin*wheel  t,  fig.  2.  raises  the  hammer  p,  and  it  strikes 
the  bell ;  the  gathering  pallet  r  takes  up  tbe  rack,  a  tooth  at 
each  torn;  the  hawk's  bill  g  retaining  A  sintil  the  pin  in  the 
rack  comes  under  the  gathering  pallet  r,  and  stops  the  motion 
of  the  train,  till  the  pin  in  the  wheel  O,  at  the  next  hour,  takes 
tbe  warning  piege  ^  k,  and  the  whole  oftiation  is  repeated. 
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As  (be  gathering  pallet  tarns  once  for  each  blow  of  the 
hammer,  aud  it  gathers  up  one  .tooth  x)i  Ihe  rack  at  each 
4urn,  it  IS  evident  that  the  number  of  4eeth  ,the  rack  can  tall 
back,  is  the  number  of  st^oke^  (he  hammer  wHI  make.  I(  is 
.obvious  albo,  fiom  the  foim  ot  the  snail,  a  fresh  step  of  which 
is  turned  to  the  end  of  the  arm  a  of  (he  rack  everj  hour, 
that  the  rack  must  tall  back  diiferently  each  time  at  the  end  of 
that  period,  and  as  each  step  xit  ithr  snail  answers  to  one  tooth  of 
the  rack,  and  each  tooth  of  the  rack  to  one  stroke  of  the  hami- 
nier,  the  number  of  strokes  is  increased,  one  at  a  lime,  from 
one  to  twelve. 

As  notiung  afiects  the  position  of  the  snail  but  the  motion 
of  the  wheel  ^,  Aipon  the  axis  ot  which  it  is  affixed,  and 
as  the  step  upon  which  the  arm  a,  fig.  S.  of  the  rack  rested, 
^hile  any  ^iven  h  ur  was  struck,  stili  remains  to  be  the  step 
upon  which  it  rests  till  the  mxi  hus  arrived ;  so,  if  in  any  pait 
ot  the  interval  between  the  striking  of  the  given  hour,  and  the 
warning,  of  the  next,  any  contrivance  be  adopted  to  move  the 
arm  b  of  the  detent,  as  much  as  i(  is  moved  in  the  regular  pe* 
riod  by  the  pin  in  the  wheel  O,  the  hour  which  was  last  struck 
will  be  struck  over  again,  or,  according  to  the  usual  expression, 
the  hour  will  be  re|)eated;  and  yet  all  the  suliscqueut  hours  will 
he  struck  wi(h  the  same  precision,  as  if  the  mechanism  had  uui 
been  touched.  A  slender  cord,  for  inptance,  atlached  (o  the 
arm  A,  will  be  quite  sufficient  to  efiect  the  purpof^e,  and  might 
b*  conveyed  through  the  side  of  the  clock  to  the  bedskle,  bf 
which  means  a  person  may  easily  ascertain,  during  4he  night, 
Ihe  iast  hour  which  the  clock  has  struck. 

It  will  ako  probably  be  understood,  that  as  the  soail  accom* 
panics  the.  wheel  g,  fig.  I.  on  the  end  of  the  holkiw  axis  of 
which  the  hoair  hand  is  fixed,  and  as  g-,  through  the  medium 
of  the  jpinion  g,  and  the  wheel  O,  derives  its  motion  from  (he 
wheel  N,  (he  Mlow  axis  of  which,  carrying  at  r  the  minute 
hand^  fits  tightly,  but  is  not  immoveably  fixed,  upon  the  arbor 
c ;  so,  ;if  the  lime  of  the  clock  be  rectified  by  pushing  forward 
the  hands,  the  clock  part  will  undergo  corresponding  changes, 
and  strike  each  hour  passed  over,  although  the  wheels  of  (be 
watch  pari,  between  the  brass  plates,  are  not  afiected  by  the 
operation. 

Clocks  intended  to  keep  time  with  the  greatest  nicety,  are 
generally  Oontrived  so  as  to  go  while  they  are  wound  up.  For 
this  purpose,  a  second  larger  ratchet-wheel  is  added  on  the  saose 
arbor  with  that  which  admits  the  clock  to  be  wound  ap,  bnl 
with  teeih  pomtin?  the  contrary  way ;  a  strong  springs  ssuaHy 

the  greatest  poriion  of  a  circle^  connects  this  iaige  ndcbelpwheel 
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tvith  the  great  wheel  of  the  clock,  which  is  on  the  same  axis 
with  it ;  one  tnd  of  this  sprint^  being  attached  to  the  great  wheel, 
and  the  other  end  to  the  large  ratchet ;  and  a  catch  proceeds 
from  the  inner  face  of  the  back  plate  to  the  teeth  of  this  rat- 
chet, which  prevents  its  moving  back  when  the  clock  is  winding 
up,  and  serves  as  a  support  for  the  reaction  of  the  maintaining 
spring.  When  the  clock  is  left  to  the  operation  of  the  weight, 
the  small  ratchet  turns  round  the  large  one,  and  contracts  or 
coils  up  the  spring  till  it  has  strength  sufficient  to  impel  the 
great  wheel  and  train ;  and  when  the  actum  of  the  weight  is 
8US|)ended,  as  in  winding  up,  tht*  spring,  freed  from  the  Cfui* 
tracting  power  of  the  weiirht,  expands  itself,  and  forces  round 
the  great  wheel ;  its  action  in  the  contrary  direction  on  the  great 
ratchet  being  prevented  by  the  catch  before  mentioned. 

Clocks  which  have  pendulums  vibratine  half  seconds,  fre- 
quently have  a  spring  instead  of  a  weight  for  the  maintaining 
power.  This  spring  consists  of  a  long  flat  piece  of  steel,  coiled 
up  in  a  spiral  form ;  it  is  inclosed  in'  a  cyliiNlricat  box,  to  which 
its  external  extremity  is  attached,  while  its  internal  end  b  con- 
nectipd  with  a  fixed  axis,  round  which  the  spring  box  revolves.  < 
As  the  strength  of  the  spring  is  greater  tlie  more  it  is  coiled  up 
by  turning  round  the  box,  its  action  would  be  unequal  in  im-« 
pelting  the  work  of  the  clocrk  ;  and  to  remedy  thfe  inconvenience 
the  fufff«  wheel,  of  the  same  construction  as  in  watches,  is^ 
adopted.  The  manner  iff  which  the  fusee  regulates  the  action 
of  the  spring,  has  been  explained  in  page  310,  and  illustrated 
by  a  fi^ire.  If  instead  of  the  barrel  C,  fig.  1.  a  fusee  wheel  or 
pulley  be  supposed  to  be  substituted,  and  the  spiral  spring 
inclosed  in  its  cylindrical  barrel,  be  added  immediately  below 
it^  with  a  catgut  to  connect  the  fusee  and  barrel  of  the  spring, 
8  good  idea  will  be  olitaitied  of  a  spring  clock,  for  in  other 
respects  the  work  is  the  same. 

Mode  of  dhhSng  the  drcumference  of  Circles. 

Very  nncoinmon  and  odd  numbers  of  tei^h  are  sometimes  ^ 
required  for  the  wheels  of- astromimical  clocks,  orreries,  ftc. 
such  as  the  plate  of  no  r<^tmon  engine  used  by  clockmak^^rs 
for  cutting  the  teeth  ot  their  wheels,  in  the  common  routine 
of  their  business,  is  calculated  for;  the  following  directions 
are  given,  for  the  purpose  of  showing  how  to  divide  a  ciicle 
into  any  given  odd  number  of  equal  parts,  so  that  the  nnm* 
ber  may  oe  laid  down  upon  the  dividing  pbte  of  a  cutting 
engine. 

Wltli  respect  to  the  division  of  a'cirfe  into  any  even  num- 
ber of  equal  parts^  no  diffiouHy  can  anse  j  and  tf  this  be  easy^* 
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the  division  of  any  given  portion  of  a  circle  into  any  nnmbei 
of  equal  parts  is  equally  so.  A  little  consideration  will  show  that 
this  leads  us  to  a  solution  of  our  difficulty.  There  is  no  odd  num- 
ber, but,  if  a  certain  number  be  subtracted  from  it,  an  even 
number,  of  easy  subdivision,  will  remain.  Supposing  the  num-. 
ber  of  equal  divisions  wanted  to  be  69,  subtract  9,  and  60  will 
remain ;  then,  as  every  circle  is  supposed  to  contain  360  degrees, 
say,  as  the  desired  number  of  equal  parts  in  the  circle,  which  is 
69,  is  to  360  degrees,  so  are  9  parts  to  the  corresponding  arc 
of  the  circle  that  will  contain  them ;  which  arc,  by  the  rule 
of  three,  will  be  found  to  be  46.95.  Therefore,  by  the  line 
of  chords  on  a  common  scale,  or  rather  with  a  sector,  set  off 
46.95  (or  46.9)  degrees  with  a  pair  of  compasses,  on  the  cir- 
cumference of  the  circle,  and  divide  that  arc,  or  portion  of 
a  circle  into  9  equal  parts,  and  the  rest  of  the  circle  into  60; 
so  will  the  whole  be  divided  into  69  tf  ual  parts. 

It  is  obviously  not  necessary  to  take  off  so  many  parts  as 
nine,  in  order  to  leave  a  convenient  number  for  subdivision ; 
but  this  advantage  attends  taking  off  a  considerable  number 
of  degrees  from  a  scale,  particularly  when  they  are  taken  from 
the  scale  of  chords  of  a  common  rule,  that  they  are  in  general 
less  liable  lo  be  taken  off  inaccurately  than  a  few  ffeffrees* 
The  following  example  is  proper  when  the  scale  intended  to 
be  used  is  a  good  one:  suppose  it  is  required  to  divide  the 
circumference  of  a  circle  into  83  equal  parts,  subtract  3,  and 
80  will  remain;  then  as  83  are  to  360  degrees,  so,  bv  the  role 
of  proportion,  are  three  parts  to  13»01  decrees.  The  small 
fnu^tion  here  brought  out  may  be  neglected ;  therefore,  by  the 
line  of  chords  or  sector,  as  before,  with  a  pair  of  finely  point- 
ed compasses,  set  off  13  degrees  on  the  circumference  of  the 
circle ;  divide  the  arc  thus  set  off  into  three  parts,  and  the 
remainder  of  the  circle  into  80,  and  the  work  wiU  be  done. 

Again,  suppose  it  b  required  to  divide  a  given  circle  into 
365  equal  parts,  subtracts,  and  860  will  remam ;  then,  as  365 
paits  are  to  360  degrees,  so  are  5  parts  to  4.93  demcs)  there- 
fore  set  off  4.93  (or  4,9)  degrees  by  the  scale ;  divide  that  space 
into  5  equal  parts,  and  the  rest  of  tbt  circle  into  360 ;  the  whole 
will  then  be  divided  into  365,  the  desired  number  of  equal 
parts. 

Any  person  acenslomed  to  the  use  of  a  pair  of  compasses, 
and  to  the  scale  or  sector,  may  very  easily,  by  a  little  practice, 
take  of  degrees^  and  fractional  parts  of  a  degree,  with  great 
facility,  by  the  accuracy  of  his  eye. 

A  few  remarks,  with  respect  to  the  sector,  with  which  a 
oase  of  matlnwiitiqsl  iostnwienle  k  always  famished^  may  bo' 


MBCaANlCS.  S85 


SUiog  of  wbMlii  and  piaioBi. 


qmAiI  to  MNDe.  The  sector  is  made  to  fold  in  the  middle^  not 
cnly  that  it  maj  lie  in  a  smaller  compass,  bat  to  solye  many 
pfoUens  by  means  of  the  references  ffiven  to  Tarions  taUes  and 
scales  that  are  enmTed  on  both  si&s  of  each  limb.  When 
opened  to  its  full  length,  the  sector  commonly  measnres  one 
fixi(|  each  inch  being  nombeied  and  diTided  into  tenths.  At 
Clieedge  is  another  scale,  which  divides  the  foot  into  ten  equal 
parts,  and  each  tenth  j[)art  of  the  foot  is  again  sub-dirided  into 
ten ;  tbns  giving  a  division  of  the  12  inches  into  100  equal 
iparts.  But  the  first  scale  which  we  have  to  notice  as  useful 
in  dividing  circles,  is  that  next  to  the  inner  edges,  marked  Pol. 
for  polygon.  By  opening  the  sector  to  such  a  width,  as  may 
admit  tw  radius  or  any  circle  to  measure  exactly  from  the 
figure  6,  on  «me  limb,  to  the  figure  6  on  the  other,  we  at  once 
asoeitain  the  division  of  that  circle's  circumference  into  any 
number  of  equal  parts,  from  four  to  twelve ;  because  from  the 
figure  4  to  the  opposite  figure  4  will  give  a  chord  subtending  a 
quadmnt  of  the  circle ;  from  5  to  5  will  give  the  side  of  a 
Kgular  pentagon,  or  divide  the  circumference  of  the  circfe  into 
five  parts;  from  6  to  6  into  six  parts,  and  so  on.  Two  equal 
lines  of  chords  marked  with  the  letter  C,  are  inclined  to  each 
otiier,  and  meet  at  the  centre  of  the  joint  of  the  instrument. 
To  set  off  any  number  of  degrees  on  the  circumference  of  anr 
cirde,  the  radius  of  which  dm  not  exceed  the  length  of  botn 
these  lines  together,  open  the  sector  till  the  distance  between  the 
00th  degree  on  each  scale  of  chords  is  exactly  equal  to  the 
laditts  of  the  circle  to  be  divided ;  then  from  50  to  50  will  givn 
an  extent  of  60  degrees  for  the  same  circle;  from  SO  to  90  an 
extent  of  30  degrees,  and  so  on  for  any  other  number. 

Of  nroporttonm^  the  Diameiers  of  JfTteeis  and  Pimom. 

yhtt  me  proportioning  of  wheels  and  pinions  is  an  impoitant 
object  in  all  kinds  of  wbeel-work,  but  especially  in  clocK-mak* 
ing,  where,  unless  the  respective  sizes  be  properly  adjusted,  the 
trmsaission  of  the  maintaining  power,  and  communication  of 
motion,  will  be  unequable,  and  the  mechanism  liable  to  rapid 
destruction.  The  subject  has  on  these  accounts  engaged  much  of- 
the  atlenttoB  of  writers  on  clock-work ;  but  practical  men  are 
not  yet  agreed  in  the  observance  of  any  invariable  rule.  The 
tssunl  mrae  of  piopoitioning  wheels  and  pinions,  is,  first  to 
make  both  m  little  too  big  for  the  proponed  calliper,  and  then^ 
hrving  rounded  all  the  teeth  of  the  pinion,  and  a  few  of  the 
teeth  of  the  wheel,  they  gradually  diminish  the  latter  in  the 
lathe*  until,  by  sucoemive  trials  in  the  clock«fraine,  they  are 
feiind  to  act  at  •  paopcr  depth,  when  phcsd  in  the  pivot  holes 
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previously  made.  This  practice  b  eziiemely  oUecfti 
it  lobes  much  time,  and  leaves  to  the  discretion  « the  workmaii, 
the  determiuatioa  of  the  very  matter  in  which  he  b  moat  apt 
to  err;  accordingly,  hewUl  at  diflSnrent  times  difier  from  him* 
self,  and  almost  to  a  certainty  from  other  workmen.  We  shall 
therefore  concisely  advert  to  the  leading  dictomson  this  subiect, 
any  of  which  will  be  a  better  guide  than  this  mode  of  nq^Ieoi- 
ing  all  rule. 

If  the  teeth  were  intended  to  be  rounded  in  a  circular  shape, 
which  is,  however,  by  no  means  to  be  recommended,  the  pitch* 
line  would  be  considmd  as  at  one-half  of  the  breadth  of  the 
tooth  from  the  extreme  edge ;  but  if  they  be  rounded  in  an 
epicycloidal,  or,  as  the  workmen  call  it,  the  bay*leaf  form, 
Hatton  has  foirad  from  numerous  experiments,  that  the  depth, 
or  distance  of  the  pitch*line  from  the  circumference,  will  gene* 
rally  be  i  of  the  breadth  of  the  tooth  in  any  whed  or  pinion; 
and  as  the  epicycloidal  shape  is  the  best  for  the  Regular  trans- 
mission of  force  and  velocity,  it  is  well  entitled  lo  w  geuenJly 
adopted  in  practice.  If  then  we  suppose  the  teeth  and  the 
■paces  between  them  to  be  reciprooJly  equal,  which  they 
osually  are  in  clock-work,  we  shaU  have  the  true  acting  diame- 
ter of  any  wheel  or  pinion  greater  than  the  diameter  to  the 
pitch-line,  (which  is  sometmies  called  the  geometrical,  and 
sometimes  the  primitive  diameter,)  by  i  of  a  tooth  or  space  on 
each  Side  of  the  centre,  or  ]  I  in  the  whole  diameter.  A  tooth 
or  space  may  be  called  a  measure,  and  it  is  obvious  that  there 
must  in  any  wheel  be  twice  as  many  measures  as  teeth.  These 
measures  c^  the  circumference  may  be  reduced  into  measurea 
of  the  diameter  by  the  usual  ratio,  of  S.1416:  1,  and  then, 
if  1 1  be  added  to  such  geometrical  measures  of  the  diameter, 
we  shall  have  the  proper  acting  diam^er,  which  may  be 
expressed  in  inches  and  parts,  wl^n  the  number  of  measures  in 
the  inch  are  known.  For  instance,  let  a  wheel  and  its  pinion, 
iV)  be  taken  at  12  teeth  per  inch  at  the  pitch*line;  the  nun^ 
ber  of  measures  of  the  wheel  is  twice  96,  or  192,  each 
measuring  ^h  of  an  inch;  then  as  S.1416: 1  ::  192:61.1; 
therefore,  if  to  the  geometriod  diameter  expressed  by  61.1 
measures,  there  be  added  1.5,  the  sum  62.6,  or  62^,  will  be 
the  acting  diameter  in  the  same  daiomination,  which  aie  an 
roan v 24th  parts  of  an  inch;  but  62.6-T-24,  gives  2.6  inches 
for  toe  full  acting  diameter  of  the  wheel  in  question.  With 
respect  to  the  pinion  of  8,  which  has  of  course  16  similat 
measures  in  its  circumference,  by  the  same  propoition  the 
diameter  will  be  5.09.measuirs;  to  which  if  1.5  be  added,  the 
acting  diameter  will  be  5.09+L5ssdS^9y  or  with  siAdeot 
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accuracy  ft^,  which  divided  by  24  as  before,  will  give  iV^  of 
an  inch,  or  Somewhat  more  than  a  quarter  for  the  acting 
diameter  of  the  pinion. 

The  following  table,  which  may  be  considered  sufficiently 
accurate  for  practice,  agrees  very  nearly  with  the  experiments 
for  determining  the  proper  sizes  of  wheels  and  pinions,  by 
Berthond,  an  author  well  entitled  to  attention.  It  is  calcu- 
lated on  the  supposition  that  the  teeth  are  epicycloidal,  and 
that  the  circumference  is  to  the  diameter  as  3 :  1,  instead  of 
3.1416:1. 

Tabk  of  the  practical  Sizes  of  Pinions. 

Teeth  in  the  Measures  of  tlie  Wheel  for  a 

Pinions.  Diameter  of  the  Pinion. 

3    3.5 

4 4,1 

5 4.8 

6 5.5 

7 6.1 

8 6.8 

9 7.5 

10 8.1 

11 •  .    8.8 

12 : 9.5 

13 - 10.1 

14 10.8 

16 IK5 

16 12.1 

To  state  the  manner  in  which  this  table  is  constructed,  will 
oiable  any  person  to  continiie  it  as  far  as  he  pleases.  It  is 
simply  this :  multiply  the  number  of  the  leaves  in  the  pinion 
by  S,  for  the  measures  in  the  circumference,  divide  by  3  for  the 
diameter,  and  add  thereto  H  for  the  acting  size.  Thus  suppose 
the  diameter  of  a  pinion  of  9  leaves  be  required:  9x2=18, 
and  18-r-3=6,  and  64-1.5=7.5,  or  7|,  which  last  quantity 
taken  by  the  callipers  across  the  extreme  edge  of  the  wheel,  the 
teeth  of  which  are  supposed  to  be  cut,  but  not  rounded,  will 
be  3|  teeth  and  4  spaces,  or  4  teeth  and  S|  spaces. 

Perhaps  some  mechanists,  not  acquainted  with  decimal  arith* 
metic,  may  wish  for  still  plainer  directions.  On  this  account, 
and  to  show  the  agreement  of  so  eminent  a  writer  on  this 
■object  as  Berthoud,  with  the  rule  just  laid  down,  we  shall 
ndte  the  method  of  miug  pinions  practised  and  reoommended 
by  him,  viz. 


•  i 
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!!••  af  ne  <U1  or  actuf  Diuoetar  of  tbe 

4  =  two  foil  teeth  of  the  wheel,  ooioiiiided,  and  theipaoe 

between  them* 

5  =  three  teeth,  loonded  fifom  point  to  point. 

6  =  three  foil  teeth,  onnHindeo. 

7  =  three  foil  teeth,  and  a  quarter  of  a  space  bgrond. 

8  ==  four  teeth,  loonded  froin  point  to  point. 

9  =  Kmiewhat  lev  than  foor  foil  teeth. 
10  =  four  full  teeth. 

11,      no  measure  given. 
18  =  five  full  teeth. 
13,      no  measure  given. 

14  =  six  teeth,  rounded  from  point  to  point. 

15  =  six  fuU  teeth. 

It  may  be  proper  to  observe,  that  the  rehitive  siae  of  a  well 
proportioned  piaiou  must  be  somewhat  less  for  a  small  wheel 
than  for  a  large  one,  and  also  smaller  when  driven  than  when  tl 
is  tbe  driver.  Penningtoo,  of  Camber  well,  tbe  ingenions  artist 
who  constructed  Mudge's  tim^-pieoe,  adopts  the  piactioe  of 
adding  8|  measures  of  the  geometrical  diameter  to  the  wbed, 
and  1|  to  the  pinion,  in  watch* work,  when  tbe  whed  is  the 
driver;  and  l-fy  to  each  when  the  pinion  is  the  driver. 

When  the  distance  b  given  between  the  centres  of  two 
wheek,  unequal  in  the  number  of  their  teeth,  but  intended  ta 
turn  each  other,  their  respective  diameten  may  be  determined 
by  the  following  rule:  as  the  distance  between  the  eeotiesof  the 
wheels  is  equal  to  the  sum  of  both  their  geometrical  radii, 
(that  is,  their  radii  to  the  pitch-lines,  or  the  radii  which  they 
would  have  if  they  were  merely  two  cylindrical  lolbia,  one  of 
which  tnmed  the  other,)  therefore  say,  as  the  sum  of  the  onm* 
ber  of  teeth  in  both  wheels  b  to  the  distance  between  thdr 
centres,  taken  in  any  kind  of  measure,  as  feet,  indMs,  or  parts 
of  an  inch,  so  b  the  number  of  teeth  in  either  of  the  wheek  to 
the  radius  or  semi^iameter  of  that  wheel,  taken  in  the  like 
Bseasure,  from  its  centre  to  the  pitdi-line.  Thus,  sumpQae  we 
lequirs  two  wheek,  of  such  a  size  that  the  disianft  between 
their  centres  shall  be  five  inches,  and  that  one  of  theoi  ta  to 
btve  75  teeth,  and  the  other  SS;  the  sum  of  the  teeth  in  them 
both  b  108 ;  therefore,  as  108  teeth  an  to  5  iaohas,  eo  are  76 
teoth  to  S.47  inches;  and  as  108  are  to  5,  so  is  S8  to  IJtt 
Inches;  so  that  from  the  centre  of  the  wheel  of  75  teeth  to  ila 
pit€h«line  b  3.47  inches;  and  from  the  oentn  of  the  wheal  of 
3S  teeth  to  iU  pUch^line,  b  1.59  bches. 
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Witb  lopect  to  the  best  forms  for  the  teeth  of  clock-work, 
the  subjcet  has  been  discussed  at  fength  in  treating  of  Mill*  work, 
and  a  rafeience  to  that  article  will  render  any  further  notice  of 
it  here  nnneoessarj,  as  the  same  principles  are  applicable  to  both 
large  and  small  machinery.  We  may  also  observe,  that  the 
sizing  of  wheels,  which  was  hardly  noticed  under  MilUwork, 
will  be  completed  by  what  has  now  been  said  with  regard  to 
that  particular. 

Of  the  Pendulum. 

A  pendttlnm  is  any  heavy  body  so  suspended  that  it  may 
swing  backwards  and  forwards,  about  some  fixed  point,  by  the 
force  of  gravity.  A  body  thus  suspended  necessarily  describes 
an  arc,  in  one  naif  of  which  it  descends,  and  ascends  in  the  other. 

Each  swing  which  a  pendulum  makes  is  called  a  vibraiiony 
OiOMcUbUion. 

PC,  fig.  4,  pi.  VI,  is  a  pendulum,  consisting  of  a  body,  P, 
Hitached  by  a  cord  PC,  which  is  tastened  to  and  moveable  about 
the  point  U.  If  the  body  P  was  not  retained  by  the  cord,  it 
would  descend  in  the  vertical  line  PL,  but  as  the  wire  prevents 
its  frUing  in  this  maimer,  it  describes  the  arch  PA,  which  is 
the  segment  of  a  circle  of  which  PC  is  the  radius.  The  veto* 
dty  acquired  by  the  bod^  P  in  fidlin{|^  through  the  arc  PA,  has 
a  tendency,  when  it  anriTes  at  the  point  A,  to  carry  it  off  in 
the  taaipent  AD,  but  the  cord  continnaUv  drawing  it  towards  the 
centie,  it  rises  and  describes  the  arc  AE.  Having  arrived  at 
£,  it  will  fiill  back  again,  and  the  velocity  acQuired  in  thus 
fidling  back  will  carry  it  towards  P;  and  this  twckwanl  and 
forward  motion  will  be  continued  till  it  is  overcome  by  the  joint 
aActs  of  the  resistance  of  the  air,  the  friction  at  tlie  point  of 
anspension,  and  the  force  of  gravitation,  b^  which  the  bod^  P 
is  altnctod  to  the  centre  of  the  earth,  in  a  duection  perpendicu- 
lar to  the  horizon.  These  causes  of  obstruction  lessen  toe  range 
«f  the  pendulum  at  each  vibration,  and  therefore  inevitably 
leanse  it  to  stop  in  a  longer  or  shorter  time  according  to  theiir 
isirnsitj. 

The  nature  of  a  pendulum  consists  in  the  following  paiticu* 
kiss  1.  The  times  of  the  vibrations  of  a  pendalnm  m  very 
snail  arches,  areall equal.  9.  The  vdocity  of  the  ball  or  bob^ 
Ml  the  lowest  nmnt,  will  be  nearly'  as  the  length  of  the  chora 
of  the  areh  wnieh  it  describes  in  the  descent.  S.  The  times 
of  Tibiation  in  diifanent  pendulums,  at  the  same  put  of  the 
eaith,  an  as  the  square  roots  of  the  tiran  of  their  vibrations. 
4«  The  tine  of  one  vibration  is  to  the  tian  of  Ae  descent, 
throng  half  the  length  of  the  pendulum,  as  the  dreumlBseiiee 
ef  a  arde  to  its  diameter.    6.  W  hcBoe  the  length  of  a  pendn- 
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lom  ▼ibiatiDg  woowb,  wOI  befiiand  59.2  inches  navly;  that 
of  a  half>seooiid  pendolimi  9.8  inchci,  and  one  for  qnailcr 
seconds  S.45  inches.  6.  A  nntfonn,  honn^encons  body,  R8, 
§g,  5y  as  a  rod,  tAmff^  &c.  which  is  one-lbird  hmger  than  a 
peDdulttm,  CP,  fi^.  4,  nill  Tibrate  in  the  same  time  with  it. 
From  these  properties  of  the  pendolum  may  be  «ledoced  its 
utility  as  a  regulator  of  time,  for  which  purpose  it  ftr  exceeds 
every  contrivance  yet  discovered. 

When  pendnlums  were  first  applied  to  clocks,  they  were 
made  vrry  short ;  and  the  arches  of  the  circle  being  large,  the 
time  of  vibration  throngh  difiinent  arches  was  theiefiire  nncqnal. 
To  remedy  this  defect,  the  pendnlnm  was  contrived  to  vibrate 
in  a  cycloid,  by  suspending  it  between  two  cvdoidal  cheelES. 
A  throul,  or  some  very  pliable  material,  formed  the  upper  part 
of  the  pendulum,  and  folded  aitemately  upon  these  cheeks. 
The  property  of  the  cycloidal  curve  is,  that  a  body  vibrating 
in  it  will  describe  all  its  arches,  whethCT  gmt  or  small,  in  equiu 
times ;  the  theory  is  therefore  good,  but  the  practical  application 
of  it  to  the  motion  of  the  pendulttm,  is  so  impertect,  that 
cycloidal  cheeks  aie  entirdy  disused.  In  clocks  for  astronomi- 
cal purposes,  the  arc  of  vibiation  most  be  accuratel  v  ascertained, 
and  if  it  be  difierent  from  that  described  bv  the  pendulum 
when  the  clock  keeps  time,  a  correction  must  be  applied  to  the 
time  shown  by  the  dock.  This  correction,  ezpioued  in 
seconds  of  time,  will  be  equal  to  the  half  of  three  times  the 
diffinence  of  the  square  of  the  eiven  arc,  and  of  that  of  the 
arc  described  by  the  pendulum  when  the  dock  keeps  time,  these 
arcs  being  expressed  m  degrees ;  and  so  much  will  the  dock 
gain  or  lose,  according  as  the  first  of  these  arches  is  less  or 
greater  than  the  second.  Thus,  if  a  clock  keeps  true  time 
when  the  pendulum  vibrates  in  an  arch  of  3  degrees,  it  will  lose 
104  Mconds  daily  in  an  arch  of  4  degrees,  and  94  seconds  in 
an  arch  of  5  degrees. 

In  all  that  has  hitherto  been  said,  the  power  of  gravity  has 
been  supposed  constantly  the  same.  But  this  power  is  not  the 
same  in  aififerent  latitudes,  and  the  length  assigned  above  to  the 
second,  half  second,  and  quarter  second  pendulum  is  aocuratdy 
adapted  onlv  to  the  latitude  of  London.  A  pendulam,  to  vibiale 
seecMids  at  the  equator,  must  be  somewhat  shorter ;  for  the  semi- 
diameter  of  the  earth's  equator  is  about  seventeen  miles  longer 
than  the  polar  semi-diameter,  consequently  the  foioe  of  gra* 
vitv  is  on  this  account  less  at  the  equator  than  at  or  towards  the 
poks ;  and  it  is  further  greatly  diminished  by  the  oentrifn^ 
fbrce,  arising  from  the  diurnal  motion  of  the  earth,  being 
greatert  at  the  equator.  The  following  Table  diowa  tha 
anumnt  of  the  variatioiis  thne  Misii^: 
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Length  of  Pendulums  to  nibraie  Seconds  at  exery  lifth  Degree 

of  LatUude. 


Degrees  of  La- 
titude. 

Length  of  Pen- 
doliun. 

Degrees  of  La- 
titude. 

Length  of  Pen- 

titode. 

Length  of  Pen- 
dulnm. 

Inches. 

Inches. 

Inches. 

0 

39.027 

35 

39.084 

65 

39.168 

5 

39.029 

40 

39  097 

70 

39.177 

10 

39.032 

45 

39.111 

75 

39.185 

15 

39.036 

50 

39.126 

80 

• 

39.191 

90 

39.044 

55 

39.142 

85 

39.195 

25 

39.057 

60 

39.158 

90 

39.197 

30 

39.070 

To  find  the  length  of  a  pendulum  to  make  any  number  of 
TibrationS)  and  vice  versa.  Call  the  pendulum  making  60  vibra- 
tions in  a  minute,  the  standard  length ;  then  saj,  as  the  square 
of  the  given  number  of  vibrations  is  to  the  souare  of  60 ;  so  is 
the  len^h  of  the  standard  to.  the  length  sougnt.  If  the  length 
of  the  pendulum  be  given,  and  the  numter  of  vibrations  it 
makes  in  a  minute  be  required ;  say,  as  the  ^ven  length  is  to 
the  standard  length,  so  is  the  square  of  60,  its  vibrations  in  a 
minute,  to  the  square  of  the  number  required;  the  square  root 
of  which  will  be  the  number  of  vibrations  made  in  a  minute. 

In  oonaidering  a  simple  pendulum,  or  a  ball  suspended  bv  a 
string  having  no  sensible  weight,  the  whole  weight  of  the  ball 
is  supposed  to  be  collected  in  its  centre  of  gravity,  and  the  length 
of  the  pendulum  is  measured  from  the  centre  of  ^vitv  to  the 
point  of  suspension.  But  when  a  pendulum  consists  of  a  ball, 
or  anv  other  solid,  suspended  by  a  metallic  or  wooden  rod,  the 
length  of  the  pendulum  is  the  distance  from  the  point  of  suspen- 
sion to  a  point  in  the  pendulum  called  the  centre  of  oscUmUmj 
which  does  not  exactly  coincide  with  the  centre  of  gravity  of  the 
ball.  If  a  rod  of  iron  or  any  other  substance  were  snqiended, 
and  made  to  vibrate,  that  point  in  which  all  its  force  was  collect- 
ed^ and  ta  which,  if  an  obstacle  were  apj^fed,  all  its  moCton 
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Wddd  eesie,  md  be  teceircd  bf  tk  nhitarlrj  k  ctled  the 
cartie  rf  owTltalOTi  We  have  Aovb  fkii  m  hMngewoM  vhI 
orhur^  wOl  perform  iUotciikimi  is  the  one  tasK  aim  peadv- 
hua  coaialiag  of  a  baB  aad  aifaead,  tham^  aatw  two4UA 
of  its  len^tb.  Heaoe  a  poioi  takes  oae4bird  of  the  leagCh  of 
tbe  bar  from  the  lowor  cad,  if  its  oealie  of  omBalioa. 

The  grmtait  inoomreoieaee  attfadii^g  the  aae  of  the  pnda* 
bm,  is  its  being  cxmrfantly  liable  to  aa  aUoaiiaa  of  its  lovfth^ 
from  the  efleds  of  heat  iHiich  cxpaads,  aad  of  ooU  which 
contracts  ererj  material  of  which  it  caa  be  made.  To  imaedj 
this  incoaveoieBoe,  the  oooimoa  method  is,  to  oofltiaae  the  tod 
throttn^  and  a  little  bdow  the  boby  whidi  wiK  slide  apwaids  or 
downwards  moa  it.  The  lower  part  of  the  rod  is  scsewed,  and 
furnished  wttn  a  aot,  upon  which  the  bob  icrfs;  coaseqaentlr 
as  the  not  m  screwed  npwaids  or  downwaids,  the  bob,  aad  with 
It  the  oeotre  of  osdUation,  is  railed  or  lowcrod.  nis  oontri* 
iraace  is  a  Tcry  unscientific  one,  aad  of  little  use;  aooofdiagiy, 
the  title  of  a  compcnrntiua  far  tempeiataie,  is  givoi  to  those 
inrentions  alone  in  which  the  efident  principle  of  regolaiion  is 
contained  within  themsdres,  and  constentljr  acting.  Of  thb 
cimracter,  we  shall  notice  two  or  three;  to  eahrge  fnither, 
would  exceed  our  limits. 

In  the  year  1781,  Chaham  produced  a  compensation  pendo- 
hmi,  and  raplied  it  to  a  dock,  the  goiag  of  whidi  he  compared 
wtth  one  oftae  bert  of  the  comoion  sort,  f<yr  three  years  together, 
aadfirand  itsemis  to  be  bat  ooe-cighth  part  of  thorn  of  the 
latter.  The  iblhmiiq^  considenitions  will  exphin  the  priaeiplo 
hf  this  pendulum.  If  a  glam  or  metallic  tabcL  uaironB 
throughout,  iHled  with  qdckrflftr,  aiid68.8  inchm  mur,  weie 

3 plied  to  a  dock,  it  woidd  Tibrate  seconds,  far  S9.is}>of 
Sf  and  such  a  pendulum  ndmits  of  a  twofold  rrpinsion  aad 
contraction.  Tit.  one  of  the  tube  and  the  other  of  the  meicui^. 
and  these  will  be  at  the  same  time  contrary,  and  thenibre  will 
correct  each  other.  The  tube  will  extend  in  length  with  best, 
•od  10  the  pendulum  will  Tibrate  shiwer  on  that  accooDt  The 
aiercnry  also  will  expand  with  heat,  and  since  by  this  enpaasion 
it  mutteodend  the  length  of  the  cdunm  upward,  and  oonse* 

ritly  raise  the  centre  of  osdlfaition,  so  will  its  distance  from 
point  of  suspension  be  shortened,  and  Iherefim  the  pendn« 
lam  on  this  account  will  yibrata  qnieker :  hence  if  the  tabe  and 
the  mercury  be  sUlfuUy  adjueled,  the  time  of  the  doek  wiU, 
by  this  means,  far  a  long  coune  of  time,  coaliaue  the  samc^ 
without  nay  sensible  gum  or  kM. 


nous  nay  ( 

The  gridiron  pcnBulum,  yfhidk  haa  jistly  obldned  a  high 
digm  ef  edebrity,  k  a  oonttiriace  far  the 
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Instead  of  one  rod,  this  pendulum  is  composed  of  any  conre* 
nicut  odd  number  of  rods,  as  fiye,  seven,  or  nine,  being  so 
connected,  that  the  eflSsct  of  one  set  of  them  counteracts 
that  of  the  other  set ;  and  therefore,  if  they  are  properly 
adjusted  to  each  other,  the  centres  of  suspension  and  oscillation 
will  always  be  equidistant.  Fig.  6,  pi.  YI,  represents  a 
gridiron  pendulum  composed  of  nine  rods,  steel  and  brass 
alternately.  The  two  outer  rods,  AB,  CD,  which  are  of  steely 
are  &stened  to  the  cross  pieces  AC,  BD,  by  means  of  pins. 
The  next  two  rods,  EF,  uH,  are  at  brass,  and  are  fastened 
to  the  lower  bar  BD,  and  to  the  second  upper  bar  EG.  The 
two  following  rods  are  of  steel,  and  are  fastened  to  the  cross 
bars  EG  and  IK.  The  two  rods  adjacent  to  the  central  rod 
being  of  brass,  are  fastened  to  the  cross  pieces  IK  and  LM ; 
and  the  central  rod,  to  which  the  ball  of  the  pendulum  is 
attached,  is  suspended  from  the  cross  piece  LM,  and  passes 
finely  through  a  perforation  in  each  of  tne  cross  bars  IK,  BD. 
From  this  disposition  of  the  rods,  it  is  evident  that,  by  the 
expansion  of  the  extreme  rods,  the  cross  piece  BD,  and  the 
ffooB  attached  to  it,  will  descend ;  but  since  these  rods  are  ex- 

Ended  by  the  same  heat,  the  cross  piece,  EG,  will  consequently 
raised,  and  therefore  also  the  two  next  rods;  but  because 
these  rods  aie  also  expanded,  the  cross  beam  IK  will  descend ; 
and  by  the  expansion  of  the  two  next  rods,  the  piece  LM  will 
be  raised  a  quantity  sufficient  to  counteract  the  expansion  of 
Uie  central  rod :  whence  it  is  obvious,  that  the  effect  of  the  steel 
Bods  is  to  incrcBsethe  length  of  the  pendulum  in  hot  weather, 
•ad  io  diminish  it  in  qpld  weather,  and  that  the  brass  rods 
have  at  the  same  time  a  contrary  effect.  The  effect  of  the  brass 
rods  must,  however,  be  equivalent  not  only  to  that  of  the  steel 
rods,  but  also  to  the  part  above  the  frame  and  spring  which 
connects  it  with  tiie  cock,  and  to  that  part  between  the  lower 
aait  of  the  frame  and  the  centre  of  the  ball. 

Another  excellent  contrivance  for  the  same  purpose  is  de« 
scribed  by  a  French  author  on  clock*making.  It  was  used  in 
the  north  of  England  by  an  ingenious  artist  about  fifty  years 
ago,  and  is  as  follows :  a  bar  of  the  waae  metal  with  the  rod  of  the 

Cnduturo,  and  of  the  same  dimensions,  b  placed  ogainst  the 
ck  part,  of  the  clock-case ;  from  the  top  of  this  a  part  pro- 
jects, to  which  the  upper  part  of  the  ^odulum  is  connected 
by  tw0  fine  pliable  cnains  or  silken  strings,  which  just  below 
pass  between  two  plates  of  I»bss,  whose  lower  edges  will  always 
Ictmiaate  the  length  of  the  pendulum  at  the  upper  end.  These 
plates  are  snppmrted  on  a  pedestal  fixed  to  the  back  of  the 
The  bar  rtits  upon  an  immoveable  base  at  the  lower  part 
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of  (he  case,  and  is  inserted  into  a  groove,  by  which  means  it  is 
alwajs  retained  in  the  same  position.    From  this  construction, 
it  is  evident  that  the  extension  or  contractbn  of  this  bar,  and  of 
therod  of  the  pendulum,  will  beequal  and  in  contrary  directions. 
For  suppose  the  rod  of  the  pendulum  to  be  expanded  any 
given  quantity  by  heat ;  then,  as  the  lower  end  of  the  bar  rests 
upon  a  fixed  point,  the  bir  will  be  expanded  upwards,  and 
raise  the  upper  end  of  the  pendulum  just  as  much  as  its  length 
was  increased ;  and  hence  its  length  below  the  phites  will  be 
the  same  as  before.    Of  a  pendulum  of  this  sort,  somewhat 
improved  by  Crosthwaite,  a  clock  and  watch-maker  of  Dublin, 
we  shall  insert  a  further  description.    AB,  fig.  7,  pi.  YI,  are 
two  rods  of  steel,  forged  out  ot  the  same  bar,  at  the  same  time, 
of  the  same  temper,  and  in  every  respect  similar.    On  the  top 
of  B  is  formal  a  eibbet  C;  this  rod  is  firmly  supported  by  a 
steel  bracket  D,  ued  on  a  large  piece  of  marble  E,  firmly 
set  into  a  wall,  and  having  liberty  to  move  freely  upwardb 
between  cross  Naples  of  brass,  1,  9,  S,  4,  which  touch  only 
in  a  point  in  front  and  rear,  (the  staples  having  been  carefully 
formed  for  that  purpose,)  to  the  other  rod  is  firmly  fixed  bv 
Its  centre  the  lens  G,  of  twenty-four  pounds  weight,  although 
it  should  in  strictness  be  a  little  below  it.    This  pendulum  is 
suspended  by  a  short  steel  spring  on  the  gibbet  at  C;  all  which 
is  entirely  independent  of  the  clock.    To  the  back  of  the  clock- 
plate,  I,  are  firmly  screwed  two  cheeks  nearly  cycloidal  at  K, 
exactly  in  a  line  with  the  centre  of  the  verge  L.    The  maintain- 
ing power  is  applied  by  a  cylindrical  steel-stud,  in  the  usoal 
way  of  regohtors,  at  If.      Now  it  is  very  evident,  that  any 
expansion  or  contraction  that  takes  place  in  either  of  these 
exactly  similar  rods,  is  instantly  counteracted  bv  the  other; 
whereas  in  all  compensation  pendnloms  composed  of  difierant 
materials,  however  just  the  calculation  may  seem  to  be,  that 
can  never  be  the  case,  as  not  only  different  metals,  but  also 
difierent  bars  of  the  same  metal,  tluit  are  not  manufiictured  at 
the  same  time,  and  exactly  in  the  same  manner,  are  found  by  a 
^ood  pyrometer  to  differ  materially  in  their  de|;rees  of  expaii* 
sion  and  contraction,  a  very  small  change  aflicGting  one  ana  not 
the  other.    No  kind  of  steel  will  be  so  likdy  to  answer  wdl  for 
the  two  bars  in  question,  as  the  best  cast  steel,  no  other  kind 
possessing  nearly  so  much  uniformity  of  texture.    When  it 
IS  observed  that  the  bars  should  be  of  the  same  tempei^  it  is  not 
to  be  understood,  according  to  the  usual  import  of  the  leno 
temper  among  artists^  that  they  should  undergo  the  legolar 
process  of  hardening,  and  then  be  leduoed  to  a  blue  or  any 
other  colour  at  discretion ;  on  the  cootraiy,  it  saemt  waaonaMe 
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ABSTRACT  OF  MECHANICS i 

OR, 

A  Review  of  the  mosl  importani  D^iMom  and  PrmdpUi 

of  this  Division. 


The  ingeoioiu  student  ivill  leadily  perceive  the  advantage  he 
may  derive  from  being  furnisheo  with  an  epitome  like  the 
following  of  the  different  branches  of  Natural  Philosopbj 
successively  treated  of*  Afier  he  has  perused  the  respective 
dissertations  at  length,  the  condensation  of  the  subfe^  of 
them  thus  presented  to  him,  is  calculated  to  save  him  the 
trouble  of  repeated  perusal,  as  a  view  of  the  leadine  prin* 
ciples  will  often  be  all  that  he  wants  to  remind  nim  of 
the  reasoning  and  facts  by  which  they  have  been  supported 
and  explain^. 


Of  Matter. 

1.  Every  portion  of  matter  is  possessed  of  the  following  pio- 
perties,  viz.  solidity,  extension,  divisibility,  mobility,  inertia^ 
iittraction  and  repulsion. 

2.  Solidity  is  that  property  by  which  two  bodies  cannot 
occupy  the  same  place  at  tne  same  time.  It  is  sometimes  called 
the  impenetrability  of  matter. 

S.  The  extension^  like  the  solidity  of  matter,  is  proved  by 
the  impossibility  of  two  bodies  co-existing  in  the  same  place. 

4.  Dimibiity  is  that  property  by  which  bodies  aie  capable 
of  beinff  divided  into  parts  removeable  from  each  other. 

5.  mobility  expresses  the  capacity  of  matter  to  be  moved 
from  one  position  or  part  of  space  to  another. 

6.  Inertia  is  the  term  which  designates  the  paasiveness  o^ 
matter,  which,  if  at  rest,  will  for  ever  remain  in  that  stale 
until  compelled  by  some  cause  to  move ;  and  on  the  contrary, 
if  in  motion,  that  motion  will  not  cease,  or  abate,  or  change 
its  direction,  unless  the  body  be  resisted. 

Space. 
1.  Space  is  either  absolute  or  rehtive : 
S.  Absolute  space  is  mere  extension,  illimitable^  immovo* 
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able,  and  witboot  parts ;  yet  for  the  convenience  of  language, 
it  18  usually  spoken  of  as  it  it  bad  parts.  Hence  the  expression, 
3.  Relative  space j  whicb  signifies  that  part  of  absolute 
space  which  is  occupied  bj  any  body,  as  compared  with  any 
part  occupied  by  another  body. 

AUraetion. 

1.  Attraction  denotes  the  property  which  bodies  have  to 
approach  each  other. 

2.  There  are  five  kinds  of  attraction — the  attraction  of 
cohesion,  of  grarciiathn^  of  eleciricUyy  of  magneihm^  and  cAe- 
fnical  attraction. 

3.  The  attraction  of  cohesion  is  exerted  only  at  very  smaH 
distances. 

4..  The  strength  of  the  attraction  of  cohesion  being  diflerent 
in  different  kinds  of  matter,  is  supposed  to  be  the  cause  of  the 
relative  degrees  of  hardness  of  dimrent  bodies. 

5.  Capillary  attraction  is  only  a  particular  noodification  or 
branch  of  the  attraction  of  cohesion. 

6.  The  attraction  of  gravitation  is  exerted  by  every  particle 
of  matter  on  every  other  particle  at  all  distances,  but  by  no 
means  with  equal  intensity  at  all  distances. 

7.  Gravitation  decreases  from  the  surface  of  the  earth 
upwards  as  the  square  of  the  distance  increases ;  but  from  the 
surface  of  the  earth  downvoardsj  H  decreases  only  Id  a  direct 
ratio  to  the  distance  from  the  centre. 

Repulmom. 

1.  Repulsion  is  that  property  io  bodies,  whereby,  if  they 
are  placed  just  beyond  tne  sphere  of  each  others  attraction  o( 
cohesion,  they  mutually  fly  from  each  other. 

2.  Oil  refuses  to  mix  with  water,  from  the  repulsion  between 
the  particles  of  the  two  ftubstances ;  and  from  the  same  cafSfSti  a 
needle  gently  laid  upon  water  will  swim. 

Motion, 
I.  Absolute  motion  is  the  actual  motion  that  bodies  have^ 
considered  independently  of  each  other,  and  only  with  regard 
to  the  parts  of  space. 

8.  RckUive  motion  is  the  degree  and  direction  of  the  raotioii 
of  one  body,  yiben  compared  with  thai  of  another. 

9.  Accelerated  motiem  is  when  the  rdodty  contianlly 
incieases. 
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to  imppose,  that  they  can  be  submitted  to  no  process  of  prepa- 
ration so  suitable  as  that  of  annealing,  wbich  will  leave  them 
in  the  softest,  but,  at  the  same  time,  the  most  uniform  state  the 
steel  is  capable  of  receiving.  They  should  be  annealed  along 
side  of  each  other,  and  after  undergoihg  this  operation,  thry 
should  not  be  hammered. 

The  most  approved  mode  of  diminishing,  in  a  simple  pendu- 
lum, the  errors  arising  from  change  of  temperature,  is  to  make 
the  rod  of  straight-grained,  well  seasoned  fir  wood,  of  which 
the  expansion  or  contraction  lengthwise  is  very  small.  This 
wood  is  best  used  in  its  natural  state,  without  baking,  varnish- 
ing, painting,  gilding,  or  any  other  preparation,  excepting, 
perhaps,  the  mere  rubbing  of  it  with  a  waxed  cloth.  A  pen- 
dulum also  performs  better  when  the  ball  is  heavy,  and  the  arc 
of  vibration  small. 

In  the  construction  of  clocks  intended  to  measure  time  with 
Ihe  utmost  possible  exactness,  a  compensation  should  also  be 
established  for  the  resistance  of  the  atr,  which,  by  its  unequfil 
density,  varying  the  weight  of  the  pendulum,  must  in  a  small 
degree  accelerate  or  retara  its  motion.  The  celebrated  David 
Rittenhouse,  who  paid  particular  attention  to  this  subject, 
estimates  the  extreme  difference  of  velocity,  arising  from  this 
cause,  at  half  a  second  per  day ;  and  he  observes  that  a  remedy 
dependent  on  the  barometer  will  not  be  strictly  accurate,  as  the 
weight  of  the  entire  column  of  air  docs  not  precisely  correspond 
with  the  density  of  its  base.  He  proposes,  therefore,  as  a  very 
simple  and  easy  remedy,  that  the  pendulum  shall,  as  usual, 
consist  of  an  inflexible  rod  carrying  the  ball  beneath,  and  con- 
tinued above  the  centre  of  suspension  to  an  equal  (or  an 
unequal)  distance  upwards.  At  this  extremity  is  to  be  fixed 
another  ball  of  the  same  dimeubions  (or  greater  or  less,  accord- 
ing as  the  continuation  is  shorter  or  longer,)  but  made  as  light 
as  possible.  The  buoyancy  of  this  upper  ball  will  accelerate 
its  oscillations  by  the  same  quantity  as  those  of  the  lower  would 
be  retarded  ;  and  thus  by  a  proper  adjustment,  the  two  effects 
might  be  made  to  balance  and  correct  each  other.  The  inventor 
mMeacomponnd  pendulum  on  these  princii^les,  of  about  one 
foot  in  its  whole  length.  This  pencfulum,  on  many  trials, 
made  in  the  air  57  vibrations  in  a  minute.  On  immersing  the 
whole  in  water,  it  made  59  vibrations  in  the  same  time ;  show- 
ing evidently,  that,  contrary  to  what  takes  place  with  the 
common  pendnluro,  its  returns  were  quicker  in  so  dense  a 
molium  as  water  than  in  air.  When  the  lower  bob  or  pendu- 
lum only  was  j^Iunged  iu  water,  it  made  no  more  than  44 
vibrations  in  a  mmute. 
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9.  The  third  kind  of  kmr  h  OHd  as  Ihlfe  as  ponibfe, 
cm  accouni  of  the  disadtaaCage  Id  the  mawim^  power^  the 
iatgttiitjr  of  which  niist  alwajs  exceed  the  irswlance;  jrct  ia 
ioae  cases  this  disadTaatage  is  ofcrhabaced  bj  the  qaiekacai 
of  its  c|ieffatiaasy  aad  the  sanll  compass  ia  which  it  is  exerted; 
hence  its  fitiien  tat  the  bones  of  the  aiw^  and  the  liabs  of 
anhnals  ceneiaUy. 

10*  In  conipoand  Irvcn,  the  power  is  to  the  weight,  in  n 
latio  cotDpoanded  cf  the  sererml  ratios  which  thoie  powers  thsi 
can  soitain  the  weight  by  the  help  of  each  lerer,  whm  used 
sijiglj  and  apart  from  the  wa^  have  to  the  weigfaL 

1.  Pulleys  are  of  two  kinds,  ^/Ex«tf  and  au/oeaUr. 

8.  The  )ixed  pnlkjr  only  tnnis  npon  its  amis,  and  aflbids 
no  mechanical  adrantage;  therefore  when  the  power  and  the 
weight  are  equal,  th^  halanof  each  other.  It  is  used  far  the 
conveoienoe  of  changing  the  direction  of  a  oMition. 

3*  The  moveable  palley  not  only  tarns  apon  its  axis,  bnt 
rises  and  falls  with  the  weight. 

4.  Etery  moveable  pwey  may  be  considered  as  haiyng 
by  two  ropes  equally  stretched,  and  which  oonseanentl/  bear 
equal  poitions  of  the  weight;  therefiMfe  each  piulcy  of  this 
sort  doubles  the  power. 

6.  A  pulley  of  one  sfMral  groove  upon  a  truncated  cone, 
as  the  foseeof  a  watch,  is  calculated  to  maintain  a  cnnstant 

3uilibriam  or  idation  between  two  poweis,  the  relative  forces 
which  are  continually  changing. 

Wheel  md  Axk. 

1.  The  power  must  be  to  the  weight,  in  orderto  produce  an 
equilibrinm,  as  the  dretm/erence  of  the  wheel  is  to  the  arann- 
ferenee  of  the  axle. 

8.  As  the  diameteri  of  diflferent  circles  bear  the  same  propor« 
tion  to  each  other  that  their  respective  circumfaicnoes  do,  the 
power  is  also  to  the  weight  as  the  dUuneier  of  the  wheel  to  thr 
dimteierof  the  axle. 

3.  If  one  wheel  move  another  of  equal  circumference,  no 
power  will  be  gained,  at  they  will  both  move  egually  fast 

4.  But  if  one  wheel  move  another  of  dimient  diameter, 
irhether  larger  or  smaller,  the  velocities  with  which  they  move 
will  be  inversely  as  their  diasaetora,  ciicumferences,  or  number 
Irf  teeth. 

A«  The  wheel  and  axk  may  be  oonsideied  as  a  perpetual 
bvcr,  from  the  constant  renewal  of  the  poiota  of  sospention 
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and  resistance.  The  fulcrum  b  the  centre  of  the  axis,  the 
looker  arm  is  the  radius  of  the  wheel^  and  the  shorter  arm  the 
ndius  of  the  axis. 

6.  The  crane^  and  many  other  machines  of  the  first  coiise* 
qoence,  are  composed  principally  of  the  wheel  and  axle. 

The  IncBned  Plane. 

I »  The  power  and  the  weight  bakince  each  other,  when  the 
former  is  to  the  latter  as  the  height  of  the  plane  to  its  length. 

8.  In  estimating  the  draught  of  a  waggon  or  other  rehick 
ophill,  the  draught  on  the  level  must  be  added ;  so  that  if  the 
hill  riies  one  foot  in  four^  one-fourth  part  of  the  weight  must 
be  added  to  the  draught  on  level  ground* 

The  Wedge. 

L  When  the  resistance  acts  perpendicularly  to  the  sides, 
Uiat  b,  when  the  wedge  does  not  cleave  at  any  distance,  there 
fa  an  equilibrium  between  the  resistance  and  the  power,  when 
the  latter  is  io  the  former  as  half  the  thickness  of  the  back  of 
the  wedge  is  to  the  leu^^th  of  one  of  its  sides« 

S.  When  tlie  resistance  on  each  side  acts^rallel  to  the 
back,  that  is.  when  the  wedge  cle&ves  at  some  distance,  the 
power  fa  to  the  resfatance  as  the  whole  length  of  the  back  to 
dDable  its  perpendicuhir  height. 

3.  The  thinner  the  wedge,  the  greater  its  power. 

4.  The  further  a  wedge  fa  driven  into  any  material^  the 
greater  afao  is  its  power,  tlie  sides  of  the  cleft  imording  it  the 
advantage  of  operating  on  two  levers. 

5*  Axes,  spades,  chiseb,  needles,  knives,  and  all  instru* 
ments  which  b^in  with  edges  or  points,  and  grow  gradually 
thicker,  act  on  the  principle  of  the  wedge* 

TAe  Screw* 

1.  The  screw  is  an  inclined  plane  encompassing  a  cylinder. 

2.  It  fa  generally  uaed  with  a  lever ;  and  the  power  fa  to  the 
weiffht,  astnedfatance  from  one  thread  or  spiral  to  another,  is 
to  the  circumference  of  the  circle  described  by  the  power. 

3.  The  friction  of  the  screw  fa  very  great,  a  circumstance' 
that  occasions  thfa  machine  to  sustain  a  weight  or  press  upon  a 
body,  after  the  power  by  which  it  was  impelled  is  removed. 

4.  A  screw  cut  on  an  axle  to  serve  as  a  pinion,  is  called  aa 

tmdkiSMsrtw. 

5.  The  endless  screw  fa  very  useful,  either  in  converting  a 
very  rapid  motion  into  a  slow  one,  or  xke  versa^  as  for  each  of 
its  itvofutions  the  wheel  moves  but  one  tooth* 

8F 
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Compound  Machmes* 

1.  In  all  machinev,  simple  as  well  as  compound,  what  it 
gained  in  pdwer  is  lost  in  time ;  but  the  lo0|  of  time  is  compen- 
sated by  convenience. 

2.  The  mechanical  power  of  an  engine  roaj  be  known  by 
measuring  the  space  described  in  the  same  time  by  the  power 
and  the  resistance  or  weight ;  or  by  multiplying  into  each  oither 
the  several  proportions  subsisting  between  the  power  and  the 
weight)  in  evefy  simple  mechanical  power  of  which  it  is  com- 
posed. 

3.  The  power  of  a  machine  is  not  altered  by  varying  the 
sizes  of  the  wheels,  provided  this  proportion  produced  by  the 
multiplication  of  the  power  of  the  several  parts  remains  the  same. 

4.  In  constructing  machines,  simplicity  of  parts  and 
uniformity  of  motion  should  be  particularly  studied. 

5.  The  teeth  of  wheels  should  always  be  made  as  numenMs 
as  possible ;  and  when  great  strength  is  required,  it  should  be 
obtained  by  increasing  the  width  or  thickness  of  the  wheel. 

6*  The  use  of  the  crank  is  one  of  the  best  modes  of  coin 
verting  a  reciprocating  into  a  rotatory  motion,  and  xke  versa. 

Fljf  Wkeeb. 

1.  A  fly  wheel  is  a  reservoir  of  power,  and  is  employed  to 
equalize  the  motion  of  a  machine. 

2.  This  equalization  of  the  motion  is  the  only  sonroe  of  the 
advantage  of  a  fly,  which  can  impart  no  power  it  has  not 
received. 

3.  When  a  fly  is  used  merely  as  a  roguhtor,  it  should  be 
near  the  first  mover ;  if  intended  to  accumulate  force  in  the 
working  point,  it  should  not  be  for  separated  from  that  point. 

Friciion* 

1 .  Friction  is  occasioned  by  the  roughness  and  cohesion  of 
bodies. 

2.  It  is  in  general  ecjual  to  between  one-half  and  one-lbnrth 
of  the  weight  or  force  with  which  bodies  are  pressed  together* 

3.  It  is  increased  in  a  small  degree  by  an  increase  of  the 
surfaces  in  contact. 

4.  It  is  increased  to  an  extraordinary  degree,  by  prolonging 
Ike  time  of  contact. 

5.  Two  metals  of  the  same  kind  have  more  friction  than  two 
diflerent  metals. 

6.  Steel  and  brass  are  the  two  metals  which  have  the  least 
(riction  upon  each  other. 
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7.  The  ipPAerRt  rule  for  lessening  friction  consists  in  suljfiti- 
tutins:  the  rolling  tor  the  b^idtng .motion. 

Mm  and  Horses j  considered  as  first  3Iavers, 
J.  hi  turning  a  vinch^  a  manexerU  his  strenQth  in  different 
proportions  at  diflereut  pnrt£  of  the  circle.     The  greatest  force 
IS  vvhen  he  pnlls  the  handle  up  from  the  height  of  his  knee; 
Hfld  the  least  vben  heibrttstfi  fforo  him  horizontallj. 

2.  When  two  handles  are  used  to  an  axle,  one  at  each 
extremity,  they  should  be  fixed  at  right  angles  to  ench  other. 

3.  liie  art  .of  iairry  ing  large  buraens,  consists  in  keeping 
the  column  of  the  bony  as  directiy  under  the  iveigbt  and  as 
upright  as  possible* 

4.  The  norse  exerts  his  force  to  the  greatest  disadvantage  in 
drawing  or  carrying  up  a  hill. 

5.  The  force  with  which  a  horse  acts  is  compounded  of  his 
we^^hi  and  muscular  streui^th. 

6.  The  walk  of  a  horse  working  in  a  mill,  should  never 
be  less  than  forty  feet  in  diameter. 

7.  A  horse  exerts  most  strength  when  drawing  upon  a 
plane. 

Mill  Work. 

1.  \Vater«wheels  are  of  three  kinds,  viz.  undershot^whedsy 
breasi^wheebj  and  cvershoi^wheek.  The  powers  necessary  to 
produce  the  same  eflfect  on  each  of  these,  must  be  to  each  other 
as  the  numbers  2.4,  1.75,  and  h 

2.  The  undershoi  wheel  is  used  only  when  a  fill  I  of  water 
caanoi  be  obtained. 

3.  A  water-wheel  twice  as  broad  as  another,  has  more  than 
double  the  power. 

4.  An  axis  furnished  with  a  very  oblique  spiral,  and  placed 
io  the  direction  of  a  stream,  may  be  rendered  a  powerful  first 
moyer,  adapted  to  a  deep  and  slow  current. 

5.  A  mulstone  Ahoald  make  120  revolutions  in  a  minute. 

6.  Bevelkd'Wheels  are  much  used  for  changing  the  direction 
of  a  motion  in  wheel- work. 

7.  Hooke's  iimoenal  joint  is  sometimes  used  with  advantage 
for  the  same  purpose. 

8.  The  teeth  of  wheels  should  never,  if  it  can  be  avoided, 
act  upon  each  other  before  they  arrive  at  the  line  joining  their 
centres. 

9.  To  ensure  a  uniformity  of  pressure  and  vdocity  in  the 
ictiou  of  one  wheel  upon  another,  the  teeth  should  be  formed 
into  epicycloids ;  or  into  involutes  of  the  circumferences  of  the 
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respectiTe  wheels ;  or  if  the  teeth  of  one  of  the  wheeb  be  either 
circular  or  triangular,  the  teeth  of  the  other  wheel  should  have 
a  figure  compounded  of  an  epicycloid  and  that  of  the  figure  of 
the  first  wheel. 

10.  The  object  of  thus  forming  the  teeth,  is,  that  thOT  may 
not  sSde  but  roll  upon  each  other,  by  which  means  the  niction 
is  almost  annihilated. 

11.  It  is  a  great  improvement  in  machinery,  where  trundles 
are  employed  with  cylindrical  btaves,  to  make  these  slaves 
moveable  on  their  axes. 

IS.  A  heavy  millstone  requires  very  little  more  power  than 
a  light  one;  but  it  performs  much  more  work,  and  mote 
effectually  equalizes  the  motion,  like  a  heavy  fly. 

IS.  The  corn,  as  it  is  ground,  is  thrown  out  from  between 
the  millstones,  by  the  centrifugal  force  it  has  acquired. 

14.  The  manual  labour  ot  putting  the  ground  com  into 
sacks,  in  order  to  raise  it  to  the  top  of  the  milUhouse,  may  be 
obviated  by  the  use  of  a  chain  of  buckets  wrought  by  the 
machinery* 

Wheel  Carriages. 

1.  A  horse  draws  with  the  greatest  advantage,  when  the 
line  of  traction  or  draught  is  inclined  upwards  so  as  to  make  an 
angle  of  about  15  degrees  with  the  horiiontal  plane. 

2.  By  this  inclination,  the  line  of  traction  is  at  right  angles 
to  the  shape  of  the  horse*s  shouIderS|  all  parts  of  which  ate 
therefore  equally  pressed  by  the  collar* 

S.  Single  horses  are  preferable  to  teams,  because  in  a  team, 
all  but  the  shaft  horse  draws  horizontallyi  and  conseqneBtly  to 
disad  vantage. 

4.  A  horse,  when  part  of  the  weight  presses  on  his  back» 
will  draw  a  weight  to  which  he  would  other^vise  be  incompetent. 

5.  The  fore-wheels  of  carriages  are  kbs  than  the  hind 
wheels,  for  the  convenience  of  turning  in  a  smaller  compast. 

6.  In  ascending,  high  wheels  fecilitate  the  draught,  m  pio* 
portion  to  the  squares  of  their  diameters;  but  in  desomding, 
they  press  in  the  same  proportion. 

7.  In  descending,  the  body  of  a  cart  may  be  advaataeeootiv 
thrown  backwards,  so  that  the  bottom  of  it  will  be  horaontaly 
while  the  shafts  incline  downwards. 

8.  In  loading  four-wheeled  carriages,  the  greatest  vieight 
should  be  laid  upon  the  large  wheeb. 

9.  Dished  wheeb  are  better  calculated  than  any  other  to 
sustain  the  jolts  and  unavoidable  inequalities  of  pitsaure  aiisuif 
f  rooi  the  roughness  of  the  roads. 
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10.  The  extremities  of  the  axles  should  be  in  (he  same  hori* 
xontal  plane,  and  the  wheels  should  be  placed  on  them  at  right 
angles. 

11.  Broad  cylindrical  wheels  smooth  and  hanlen  a  road, 
while  narrow  ones  cut  it  into  farrows,  and  conical  ones  grind  the 
hardest  stones  to  powder. 

Clock  Work. 

I.  To  ascertain  the  number  of  revolutions  which  a  pinion 
makes,  for  one  of  the  wheel  working  in  it,  divide  the  numl)er  of 
its  leaves  by  the  number  of  the  teeth  of  the  wheel,  and  the 
answer  is  obtained. 

S.  By  increasing  the  number  of  teeth  in  the  wheels ;  bj 
diminishing  the  number  of  leaves  ili  the  pinions ;  by  increasing 
the  length  of  the  cord  that  suspends  the  weight;  and  lastly,  by 
adding  to  the  number  of  wheels  and  pinions,  a  clock  mav  be 
made  to  go  any  length  of  time,  as  a  month,  or  a  year,  without 
winding  up. 

3.  The  inconvenience  of  taking  up  more  room,  but  prin« 
cipally  the  increase  of  friction  which  would  be  introduced^ 
are  the  causes  of  its  being  inexpedient  to  make  a  clock  go  much 
beyond  eight  days. 

4.  Clocks  intended  to  keep  exact  time,  are  contrived  to  go 
whilst  winding  up. 

5.  Clocks  which  have  pendulums  vibrating  half  seconds, 
are  frequent!;^  moved  by  a  spring  instead  of  a  weight. 

6.  A  spring  is  strongest  when  it  is  first  wound  up,  and 
gradnally  decreases  in  strength  till  the  movement  stops;  it  is 
therefore  contrived  to  draw  the  chain  off  a  conical  barrel,  so  that 
the  lever  at  which  it  pulls  is  lengthened  as  it  grows  weaker,  by 
which  means  its  effiscts  are  equafized. 

7.  The  plates  of  clock-makers*  engines,  mav  quickly  be 
divided  into  odd  numbers,  by  subtracting  from  the  odd  number 
so  mach  as  will  leave  an  even  number  of  easy  subdivision ;  then 
calculating  the  number  of  degrees  contained  in  the  parts  sub- 
tracted, and  setting  them  off  on  the  circumference  of  the  circle 
from  a  sector. 

8.  The  geometrical  radius  of  wheels,  when  the  teeth  are 
epicvcloidal,  is  less  than  the  acting  diameter,  by  about  |ths 
of  the  breadth  of  a  tooth  or  measure. 

9.  The  relative  size  of  a  pinion  must  be  less  finr  a  small 
wheel  than  for  a  large  one,  and  also  smaller  when  driven  tbau 
when  it  is  the  driver. 
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I^endulumsm 
] .  All  the  vibrations  of  the  same  pendulum,  whether  gieat  or 
sniaU,  'if  cycloidali  are  performed  in  equal  times. 

S.  The  kmger  a  pendulum,  the  slower  are  its  vibrations. 

3.  A  pendulum  to  vibrate  seconds,  roust  be  shorter  at  the 
equator  than  at  the  poles. 

4.  Heat  lengthens  and  cold  shortens  pendulums. 

5.  The  quicksilver  pendulum,  the  gridiron  pendulum,  and 
many  others,  have  been  contrived  to  obviate  these  effects  of 
change  of  temperature. 

6.  The  vibrations  of  pendulums  are  aflected  by  differences  in 
the  density  of  the  medium  in  which  they  are  performed.  The 
merit  of  the  only  contrivance  to  remedy  this  defoct  is  due  to 
Ritlenhouse. 
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OPTICS. 

This  branch  of  Natural  Philosophy  treats  of  the  properties 
of  light,  and  the  pbeDomena  of  Tision. 

Manj  optical  appearances  are  of  such  frequent  recumnce, 
that  they  could  not  escape  the  notice  of  the  earliest  observers; 
but  ages  appear  to  have  elapsed,  before  any  progress  was  made 
towards  an  explanation  of  them.  Empedocles  was  the  first 
person  on  record,  who  attempted  to  write  systematically  on  light, 
A  treatise.on  optics,  attributed  to  Euclid,  who  flourished  about 
400  years  before  the  Christian  era,  shows  the  state  of  knowledge 
on  the  subject  about  that  time.  It  adverts  to  the  efiect  of  bring- 
ing into  view,  by  refraction,  an  object  at  the  bottom  of  a 
vessel;  by  pouring  water  upon  it;  but  chiefly  treats  of  reflected 
rays,  explaining  the  efiects  of  different  kinds  of  mirrors,  and 
demonstrating  the  equality  of  the  angles  of  incidence  and  reflbc* 
tion.  It  appears,  also,  that  the  ancients  were  acquainted  with  the 
magnifying  power  of  glass  globes  filled  with  water,  though  the^ 
probably  knew  nothing  of  the  reason  of  this  power;  and  it  is 
supposed  that  the  ancient  engravers  used  glass  globes  to  mag- 
nify their  figures,  that  they  might  work  to  more  advantage. 

Ptolemy,  about  the  middle  of  the  second  century,  wrote  a 
considerable  treatise  on  optics.  The  work  is  now  lost,  but  from 
the  accounts  of  others,  it  appeals  that  his  observations  had 
even  enabled  him  to  treat  of  astronomical  refiactioas.  Alhaaen, 
an  Arabian  writer,  was  the  next  author  of  eonsequenoe;  he  wrote 
about  the  year  1 160,  and  gave  the  fint  distinct  account  of  the 
magnifying  power  of  glasses. 

In  1870,  Vitellio,  a  Polander,  published  a  treatise  on  optics, 
containing  all  that  was  valuable  in  Albasen,  di^fested  in  a  better 
manner,  and  with  clearer  explications  of  varmus  pheoonena. 
He  observes,  that  light  is  always  lost  by  refraction,  which  make* 
objects  appear  less  luminous.  He  gave  a  table  of  the  results  of 
his  experiments  on  the  refractive  powers  of  air,  water,  and  glasSf 
corresponding  to  different  angles  of  iiicklence.  He  asccib^  the 
twinkling  bf  the  stars  to  the  motion  of  the  air  in  which  the  light 
is  refracted;  and  illustrates  this  hypothesis  by  observing,  that 
they  twinkle  still  mote  when  viewed  in  water  put  in  motion* 
He  also  asserted,  that  refraction  is  necessary  as  well  as  reflection, 
to  form  the  rainbow ;  because  the  body  which  the  rays  fkil  upon 
is  a  transparent  substance,  at  the  surface  of  which  one  part  of 
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tbe  light  is  alwajs  reflected,  and  another  refracted.  He  makes 
lome  ingenious  attempts  to  explain  refraction,  or  to  ascertain  the 
law  of  it;  and  considers  tbe  foci  of  fflass  spheres,  and  tbe 
apparent  size  of  objects  seen  through  them,  though  with  but 
little  accuracy. 

The  celebrated  Roger  Bacon  was  contemporary  with, 
Yitellio,  with  whose  writings,  if  not  also  with  those  of  Aihaxen, 
he  was  probably  acquainted ;  but  he  carried  his  improvements 
further  than  either  of  them ;  and  demonstrated,  by  actual  ex* 
periment,  that  a  small  segment  of  a  glass  globe  would  greatly 
assist  tbe  sight  of  old  persons.  Concerning  the  actual  inventor 
of  spectacles  we  have  |io  certain  information;  but  we  flud  the 
use  of  them  was  generally  known  about  the  ^ginning  of  the 
fourteenth  century.  The  invention  of  the  magic  lantern  is 
attributed  to  Bacon. 

In  the  year  1575,  Mautolycus,  a  teacher  of  mathematics  at 
I,  published  a  treatise  on  optics,  in  which  he  deroonstnitei 
that  the  crystaline  humour  of  the  eye  is  a  lens,  which  collects 
the  rays  of  light  from  external  objects,  and  throws  them  on  the 
retina  or  back  of  the  eye.  From  this  principle,  he  assigned  the 
reason  why  some  people  are  short  sightea,  and  others  long 
siffbted,  and  why  the  former  are  relieved  by  concave,  and  tte 
others  by  convex  glasses. 

John  Baptista  Porta,  of  Naples,  was  contemporary  with 
Mauiolycus.  He  invented  the  camera  obscura,  and  his  ex* 
periments  with  that  instrument  convinced  him  that  light  is  a 
substance,  bv  the  reception  of  which  into  the  eye,  vision  is 
accomplisbea.  This  was  a  great  discovery,  and  oorreHKmdaveiy 
nearly  with  the  experiments  and  reasoning  of  Maurolycus;  bat 
il  miist  be  remarked  that  neither  of  Uiese  two  philosophers  had 
any  knowledge  of  what  the  other  had  done.  The  importance  of 
Porta*s  discovery  will  be  evident,  when  it  is  observed,  that 
pieviottdy,  vision  was  supposed  to  be  dependent  upon  what 
were  tensed  mam/  ravs,  proceeding  from  the  eye.  He  justly 
conskiewd  the  eye  itsof  as  a  camera  obscura,  the  pupil  perform- 
ing the  oflbx  of  the  hole  in  the  window  shutter;  he  remarked, 
am,  that  a  defect  ei  li^ht  is  remedied  by  tbe  dilatation  of  tbe 
papil,  which  contracts  involuntarily  when  exposed  to  a  strong 
lignt,  and  expands  when  tbe  light  is  too  foint  for  distinct  visMm^ 

Antonio  deDominis,  whose  work  was  published  in  1611, 
was  the  first  who  came  near  the  true  theory  of  the  rainbow* 
He  describes  the  progress  of  the  ra^  of  light  through  each  drop 
of  tbe  foHiniip  rain;  be  shows  that  it  enters  the  upper  pstrt  of  the 
drop,  where  it  suiGsrsoiie  refraction;  that  it  is  reflectea  once,  aad 
then  lefiaoted  again,  so  as  to  come  directly  to  the  eyw  of  the 
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spectator;   \^hj  this  refraction  shonid  produce  the  difiereitt 
coloare,  was  reserved  for  Sir  Isaac  Newton  to  explain. 

Telescopes  were  invented  towards  the  latter  end  of  the  six* 
teenth  century.  Of  this,  as  of  many  other  memorablediscoveries, 
accident  furnished  the  first  hint;  Zacharias  Jansen,  a  specfacte' 
maker  of  Middleburgh,  trying,  it  b  said,  the  efiects  or  a  con* 
cave  and  convex  glass  united,  found  that,  if  they  wore  placed 
at  a  certain  distance  from  each  other,  they  caused  distant 
objects  to  appear  nearer  the  eye.  Other  accounts  transfer  the 
merit  of  the  first  discovery  from  Jansen  himself  to  his  childrerf, 
who  while  playing  with  spectacle  glasses  in  his  shop,  perceived 
that  when  they  held  two  of  these  glasses  between  their  fingers^ 
at  a  certain  distance  from  each  other,  the  dial  of  the  clock 
appeared  greatly  magnified,  but  in  an  inverted  position.  This 
incident  suggested  to  their  father  the  idea  of  adjusting  two  of 
these  glasses  on  a  board,  so  as  to  move  them  at  pleasure. 
To  the  Jansens  we  are  also  indebted  for  the  discovery  of  the 
microscope,  an  instrument  depending  upon  exactly  the  same 
principles  as  the  telescope.  Galileo  greatly  improved  the 
telescope,  and  constructed  one  that  magnified  thirty-tnree  times  i^ 
with  the  construction  he  adopted,  he  made  the  astronomical 
discoveries  which  have  immortalized  his  name. 

Kepler  paid  great  attention  to  the  phenomena  of  light  and 
Ttsion ;  he  was  the  first  who  demonstrated  that  the  decree  of  re- 
fraction suflered  by  light  in  passing  through  lenses^  corresponds 
to  the  diameter  of  the  circle  of  which  the  convexity  or  conca* 
vity  is  the  portion  of  an  arch.  He  very  successfully  pursued 
the  discoveries  of  Maurolycus  and  rorta.  The  images  of 
external  objects,  he  asserted,  were  formed  npon  the  optic  nerve 
by  the  foci  of  rays  coming  from  every  part  of  the  object ;  and 
be  attributed  to  habit  the  power  of  enabling  us  to  see  objects  in 
their  right  position,  though  their  images  upon  the  retina  are 
inverted.  He  accounted  for  the  apparent  diminution  of  the 
moon's  disk  in  solar  eclipses  by  observing,  that  the  disk  of  the 
moon  does  not  appear  less  in  consequence  of  being  unenlight* 
ened,  but  that  at  other  times  it  appears  larger  than  it  really  is, 
in  consequence  of  its  being  enligntened :  for  pencils  of  rays 
from  such  distant  objects  generally  come  to  their  foci  before  they 
reach  the  retina,  ahd  consequently  diverge  and  spread  when 
they  reach  it.  Hence  he  concludes  that  difierent  persons  may 
imagine  the  disk  to  be  of  diflferent  magnitudes,  according  to 
the  relative  goodness  of  their  sight. 

In  1625,  the  curious  discovery  of  Scheiner  was  published  at 
Rome,  which  placed  beyond  the  reach  of  contradiction,  tbt 
fact  that  Tision  depends  upon  the  images  of  external  objects 
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npon  the  retina,  and  that  these  images  are  inverted ;  for  takinc 
the  eye  of  an  animal,  and  cutting  avrav  the  coats  of  the  back 
part,  and  presenting  different  objects  before  it,  he  dispbyed 
their  images  distinctly  painted  on  the  naked  retina  or  opUc 
nerve. 

About  the  middle  of  the  seventeenth  centnry,  the  velocity 
of  light  was  discovered  by  Roemer;  and  towards  the  close  of 
it  the  reflecting  telescope  was  invented  by  James  ^  Gregory. 
That  form  of  the  reflecting  telescope  which  he  adopted,  b  still 
the  most  common,  and  is  called  by  his  name. 

At  length  arose  Sir  Isaac  Newton,  who  discovered  the  cause 
of  colours,  an  investigation  which  bad  eluded  the  abilities  of 
all  the  philosophers  wlio  had  gone  before  him.  He  applied  bis 
principles  to  tne  satisfactory  explanation  of  most  of  tne  pheno- 
mena of  nature  where  light  an4  colour  are  conceroea;  and 
almost  all  that  we  know  upon  these  subjects  was  laid  open  by 
bis  experiments.  He  found  that  the  refractive  powers  of  difib- 
rent  substances  werejn  general  proportionate  to  their  densities, 
except  when  they  contained  inflammable  or  oily  particles* 
Having  proved  that  the  refractive  power  of  water,  was  much 
frresiter  tnan  that  of  other  substances  of  equal  density,  he 
supposed  it  to  contain  an  inflammable  principle,"— a  happy  con- 
^cture,  which  the  modern  discoveries  in  chemistry  have 
irrefragabl^  proved,  and  which  has  always  been  considered  a 
proof  of  his  wonderful  sagacity,  because  it  was  at  complete 
variance  with  all  that  was  known  in  his  day  respecting  tha 
nature  of  water. 

The  splendour  of  Sir  Isaac  Ncwton^s  discoveries  obscures  in 
some  degree  the  merit  of  both  earlier  and  subsequent  wiiiert; 
yet  a  great  variety  of  interesting  (acts  and  improvements  have 
been  made  since  his  time,  though  it  must  be  admitted  that  the 
light  by  which  many  of  them  have  been  discovered  was 
furnished  by  his  labours.  Perhaps  no  invention  to  which  this 
remark  applies,  has  been  productive  of  so  much  practical 
utility  as  Dollond's  improvement  of  the  refracting  telescope* 
By  using  three  glasses,  of  diffi*rent  refractive  powers,  be  was 
enabled  to  enlarge  the  diameters  of  hb  object  glasses,  and  thos 
to  admit  more  light  and  enlarge  hb  field  of  view,  fiur  beyond 
what  the  common  telescope  admitted. 

After  expbioing  the  principal  terms  made  use  of  in  treating 
of  optics,  we  shall  take  a  view  of  the  properties  of  light  in 
general,  and  then  proceed  with  the  particular  considention  of 
rcfmction,  reflection,  inflexion,  and  the  phenomena  depending 
upon  them. 
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1.  By  a  ray  of  light  is  meant  the  least  particle  of  light  that 
can  be  either  intercepted  or  separated  from  the  rest.  In  tlie 
diagrams  by  which  the  science  is  illustrated,  rays  of  light  are- 
represented  by  right  lines. 

2.  Any  small  parcel  of  rays  proceeding  from  or  to  a  point, 
considered  apart  from  the  rest,  is  called  a  pencil  of  ram. 

3.  A  beam  of  light  is  used  to  denote  any  considerable  aggre- 
gate of  light,  or  parcel  of  rays. 

4.  Parallel  rays  are  such  as  move  always  at  the  same 
distance  from  eacli  other,  as  represented  by  fi<^.  3,  pi.  I. 

5.  Corrcergmg  rays  are  such  as  approach  nearer  and  nearer 
to  each  other,  and  tend  to  unite  in  a  point;  they  are  represented 
by  fig.  4,  forming  a  cone,  the  base  of  which  is  at  the  place 
where  the  rays  began  to  converge. 

6.  Dvcermng  rays  are  those  which  continue  to  recede  further 
and  further  from  each  other  through  their  whole  progress,  and 
if  proceeding  from  a  point,  form,  as  shown  by  ng.  5,  a  cone, 
the  base  of  which  is  tne  termination  of  their  course. 

7.  The  point  at  which  converging  rays  •  meet,  is  called  the 
focus, 

8.  When  converging  rays  are  prevented  from  meeting  by 
some  obstacle,  the  point  towards  which  they  tend,  and  where 
they  would  have  united,  if  not  intercepted,  is  called  the  virtual 
or  imaginary  focus. 

9.  Void  space,  and  whatever  substance  the  rays  of  light 
pass  through,  is  called  by  opticians,  a  medium. 

10.  Mraia  are  either  dense  or  rare :  one  medium  is  said  to 
be  more  dense  than  another,  when  it  is  heavier,  or  contains 
more  matter  under  the  same  bulk ;  and  vice  versa^  it  is  called 
more  rare  than  another,  when  if^is  lighter,  or  contains  less 
matter  under  the  same  bulk.  Glass  is  more  dense  than  water; 
water  is  more  dense  than  air. 

11.  By  a  lens  is  meant  a  transparent  body  of  a  different 
density  m>m  the  surrounding  medium,  and  terminated  by  two 
surfaces,  either  both  curved,  or  one  plane  and  the  other  curved. 
As  lenses  are  commonly  made  of  glass,  it  is  usual  to  call  them 
giasteSf  with  the  addition  of  some  word  or  wokIs,  designating 
tbeir  use,  or  the  nature  of  their  curve,  or  both ;  as  a  magnify- 
ing glass,  an  object  or  eye-glass  of  a  telescope,  a  concave 
spectacle-glass,  a  convex  spectacle-glass. 

]2«  An  incident  ray  is  that  which  comes  from  any  body  to 
the  reflecting  surface ;  the  reflected  ray  is  that  which  is  sent 
back  from  the  reflecting  surftce.    Children  sometimes  amuse 
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theiDftelYes  with  presentinir  a  piece  of  lookin^-^laas  to  tbe  son, 
and  casting  a  vivid  spot  ^  light  on  any  object  they  please.  In 
this  case,  the  rays  received  directly  from  the  san  are  called 
inddenty  and  the  lucid  spot  is  made  by  the  refittUd  rays. 

13.  The  angle  of  incidence  is  the  angle  which  is  formed  by 
the  incident  ray  with  a  perpendicular  to  the  reflecting  surface 
at  the  point  of  incidence;  and  the  angle  of  re/lection  is  the  angle 
formed  by  the  same  perpendicubu'  and  the  reflected  ray.  Thoa, 
in  fig.  6,  a  ray  of  light,  a,  falls  in  the  diiection  a  d^  upon  the 
surface  e/,  and  is  reflected  in  the  direction  db;  c^  is  perpen- 
dicular to  e/,  therefore  a  dc  is  the  angle  of  incidence,  and  cdb 
IS  the  angle  of  reflection. 

14.  A  mhroTj  or  speculum^  is  an  opaque  body,  the  surface  of 
which  is  very  smooth  and  finely  polished,  so  that  it  will  reflect 
the  rays  of  light  which  fiUl  upon  it,  and  by  this  means  repre- 
sent the  images  of  objects  opposed  to  it. 

15.  Plane  mirrors  are  those  reflecting  bodies,  the  surfaces  of 
which  are  perfectly  plane,  such  as  our  common  looking  glasses. 

16.  Concave  and  convex  mirrors  are  those  the  surfaces  of  which 
are  curved.  If  a  watch-glass  were  silvered  on  the  round  side, 
it  would  be  a  concave  mirror;  if  it  were  silvered  on  the  hollow 

r,  it  would  be  a  convex  mirror. 


OflJghi. 

The  nature  of  light  has  been  a  subject  of  speculation  from 
the  first  dawnings  of  philosophv.  Several  of  the  earliest 
philosophers  thought  that  objects  l)ecame  visible  by  means  of 
something  proceeding  from  tbe  eye;  while  some  maintained, 
that  vision  was  occasioned  by  particles  continually  flying  off 
from  tbe  surfaces  of  bodies,  which  met  with  others  proceeding 
from  the  eye;  but  Pythagoras  is  said  to  have  ascribed  the  efiect 
solely  to^  tbe  particles  proceeding  from  external  objects,  and 
entering  the  pupil  of  the  eye.  The  ancients  possessed  much 
greater  ingenuity  to  invent  theories,  than  inclination  (or  perhaps 
opportunity)  to  determine  the  truth  of  them  by  experiment; 
and  therefore,  if  Pythagoras  actually  promulgated  this  opinion, 
it  seems  to  have  been  supported  by  no  facts  which  placed  it  on 
au  immutable  basis.  Hence  it  gained  for  many  ages  no  grealcr 
credit  than  other  opinions,  the  most  incongruous  and  vagne. 
It  was  not  till  about  a  thousand  years  afler  the  time  of  Pytba* 
goms,  that  J.  Baptista  Porta  fully  satisfied  himself  and  othm  of 
vision  being  performed  entirely  by  the  intromission  of  " 
into  the  eye. 

Several  eminent  philosophers  have  imagined  that  the 
tiqn  which  we  receive  from  light  is  to  be  attributed  entirely  to 
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the  TibraiioDs  of  a  subtile  HHsdium  or  fluid,  diffused  throughout 
the  uni^ene,  and  put  in  action  by  the  impulse  of  the  sun. 
According  to  this  hypothesis,  light  may  oe  considered  as 
analogous  to  sound,  Which  is  known  to  depend  entirely  on  the 
pulsations  of  the  air  striking  upon  the  ear.  But  this  theory  is 
encumbered  with  many  difficulties.  If  light  depended  altogether 
upon  the  vibrations  of  a  fluid,  a  quick  motion  of  the  hand,  or 
oi.  a  machine  contrived  for  the  purpose,  would  produce  light 
at  any  time;  or,  rather^  as  nosoud  reason  can  be  assigned  why 
the  fluid  should  cease  to  vibrate  in  the  night,  since  the  sun 
must  always  affect  some  part  of  it,  we  ought  to  have  perpetual 
day.  Again,  the  texture  of  certain  bodies  is  actually  changed 
by  exposure  to  light,  even  though  they  be  inclosed  in  glass; 
but  if  covered  with  the  thinnest  plate  of  metal,  which  excludes 
the  light,,  no  alteration  fakes  place.  Many  other  objections 
which  militate  with  equal  force  against  this  theory,  might  be 
adduced,  but  these  have  never  received  answers  which  can  be 
deemed  satisfactory. 

A  late  writer  is  decidedly  of  opinion  that  light  is  diluted  fare  j 
that  is,  fire  weakened  and  diffused,  as  ardent  spirit  when 
mingled  with  water.  It  appears  at  first  view  favourable  to  this 
opinion,  that  light  may  be  collected  and  condensed  by  the 
burning  glass,  so  as  to  bum  like  the  fiercest  flame;  on  the 
contrary,  flame  itself  may  be  attenuated,  even  by  artificial 
means,  to  such  a  degree  as  to  be  perfectly  innoxious.  <^  The 
flame,"  says  Dr.  Goldsmith,  ^'  which  hangs  over  burning 
spirit  of  wine,  we  all  know  to  scorch  with  great  power,  yet 
these  flames  may  be  made  to  shine  as  bright  as  ever,  yet  be 
perfectly  harmless.  This  is  done  by  placing  them  over  a  js^entle 
fire,  and  leaving  them  thus  to  evaporate  in  a  close  room  without 
a  chimney ;  if  a  person  should  soon  after  enter  with  a  candle, 
he  will  find  the  wnole  room  filled  with  innoxious  flames.    The 

Earts  have  been  two  minutely  separated,  and  the  fluid,  perhaps, 
as  not  force  enough  to  send  forth  its  burping  rays  with 
sufficient  effect."  But  when  we  consider  the  remarkable  disco- 
very of  Dr.  Herschel,  that  light  may  be  separated  from  the 
caloric*  which  accompanies  it,  the  identity  of  the  two  sub- 
stances, if  not  fully  disproved,  becomes  very  doubtful.  The 
Doctor,  when  employed  in  making  observations  on  the  sun  by 
means  of  telescopes,  found  that  the  coloured  glasses  used  to 
prevent  the  inconvenience  arising  from  the  heat,  very  soon 


*  C^ivHc  is  tfa«  term  hj  which  modern  phOotophcn  hsTe  tfre ed  to  dbtingnish 
thtt  pccnUtf  Mbttanctt  which  piwfawes  heat» 
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cnicksd  and  broke  in  pieces  when  their  colour  was  deep  enough 
to  intercept  the  light.  On  prosecuting  the  inqoiry,  in  a  course 
of  experiments  devised  for  the  purpose,  he  found  Ihat  the  solar 
beam  contained  ravs  which  gave  no  light,  and  yet  produced  a 
greater  degree  of  neat  than  even  those  rays  which  produced  the 
strongest  light.  The  two  species  of  rays  may  be  separated 
from  each  other  by  a  very  easy  experiment.  If  a  glass  mirror 
be  held  before  the  fire,  it  strongly  reflects  the  rays  of  light,  but 
the  rays  of  caloric  which  it  sends  forth  are  very  few  ;  a  metal- 
lic mirror,  on  the  other  hand,  made  of  planished  tin-plate,  for 
example,  reflects  the  rays  of  light  indiflerently,  but  it  supplies 
calorific  rays  in  great  abundance.  The  glass  mirror  becomes 
hot ;  the  metallic  mirror  does  not  alter  its  temperature.  If  a 
pbte  of  glass  be  suddenly  interposed  between  a  glowing  fire 
and  the  face,  it  intercepts  completely  the  warming  power  of  the 
fire,  without  causing  any  sensible  diminution  of  its  brilliancy ; 
conseauently  it  intercepts  the  rays  of  caloric,  but  allows  the  rays 
of  ligot  to  pass.  If  the  glass  be  allowed  to  remain  in  its  station 
till  it  becomes  as  hot  as  its  distance  Arom  the  fire  will  allow,  it 
ceases  to  intercept  the  rays  of  caloric,  which  pass  through  as 
freely  as  the  rays  of  light.  These  data  lead  us  inevitaUy  to 
the  conclusion,  that  light  is  not  diluted  fire  or  caloric. 

We  shall  now  proved  to  notice  the  most  important  proper- 
ties of  light  in  an  optical  point  of  view ;  a  task  much  more 
delightful  than  the  investigation  of  its  nature  and  essence;  and 
eminentiv  calculated  to  entrance  the  mind  with  astonishment. 

In  the  very  short  space  of  one  second^  a  ray  of  light 
traverses  the  prodigious  extent  of  nearly  two  kimdred  tkautand 
miles*  The  manner  in  which  the  velocity  of  light  b  calcu- 
lated, b  not  less  ingenious  than  the  discovery  is  surprising. 
It  was  by  observing  the  eclipses  of  Jupiter's  satdlites,  which 
appeared  to  be  eclipsed  sooner  or  later  than  the  times  eiven  by 
the  tables  of  them,  and  the  observation  was  always  before  or 
after  the  computed  time  according  as  the  earth  was  nearer  to 
or  further  ftom  the  planet  Jupiter  than  the  mean  distaoce.  To 
understand  this  fact  more  fuiljf ,  suppose  the  earth  in  going  its 
annual  circuit  round  the  sun,  isatC,  (fig.  1,  pi.  I,)  and  that 
an  eclipse  is  there  observed  of  a  satellite  of  Jupiter,  which 
legulanv  suflfers  an  eclipse  in  forty-two  hours  ana  a  half.  If 
the  earth  nerer  left  C,  but  continued  there  immoveaUe,  and 
Jupiter  remained  at  the  same  distance,  the  eclipe  of  the 
satellite  would  alwavs  be  observable  at  the  expectea  interval  of 
forty-two  hours  and  a  half;  and  consequently,  in  thirty  tiroes 
forty-two  hours  and  a  half|  the  spectator  would  see  thirty 
eclipses.    But  the  earth  trav.eni0g  onward  to  D,  tke  spectator' 
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floes  not  see  thirty  eclipses  till  some  time  after  the  stated  period, 
for  the  further  off*  the  earth  removes,  the  longer  the  time 
required  for  the  light  to  reach  the  spectator.  In  traversing 
from  C  to  D,  light  takes  up  about  sixteen  minutes  and  a  half, 
therefore,  as  the  sun  is  half  way  between  C  and  D,  it  must 
perform  its  journey  from  him  in  half  that  time,  that  is,  in 
eight  minutes  and  a  quarter;  or  according  to  the  most  exact 
calculation,  in  eight  minutes  and  seven  seconds.  No  difference 
in  the  velocity  of  light  has  ever  been  discovered,  whether  it  is 
original,  as  from  the  stars^  or  reflected  only,  as  from  the 
planets. 

Such  being  the  rapidity  with  which  the  rays  of  light  dart 
themselves  forward,  it  becomes  a  matter  of  easy  calculation,  and 
may  a  little  assist  our  conception  to  observe,  that  a  journey 
which  they  perform  in  eight  minutes,  could  not  be  performed  by 
a  cannon  ball  at  its  ordinary  speed  in  less  than  thirty-two  years* 
That  the  motion  of  light  is  inexpressibly  rapid,  we  may  easily 
convince  ourselves,  if  we  notice  the  firing  of  a  cannon  or  a 
musket  at  a  considerable  distance,  and  observe  the  time  which 
elapses  between  seeing  the  flash  and  hearing  the  report.  Sound, 
it  has  been  calcnlatra,  travels  at  the  rate  of  1 140  feet,  or  380 
yards  in  a  second ;  yet  the  time  which  intervenes  between  seeing 
the  flash  and  bearinj^  the  report  of  the  fire  arm,  is  a  satisfiiclory 
proof  of  the  prodigious  disparity  between  the  velocity  of  light 
and  sound. 

If  the  velocity  of  light,  then,  be  so  very  great,  it  may  be 
inquired  why  it  does  not  strike  against  objects  with  a  propor« 
tionate  force.  If  the  finest  sand  were  thrown  against  our  bodies 
with  a  hundredth  part  of  this  velocity,  each  grain  would  be  as 
fatal  as  the  stab  of  a  dagger ;  yet  oor  eyes,  the  most  exquisitely 
sensible  of  all  our  organs  of  perception,  receive  its  impressions 
without  the  smallest  pain.  But  we  have  sufficient  evidence  to 
convince  us  that  the  minuteness  of  the  particles  of  li^ht  u  still 
more  extraordinary  than  their  velocity,  and  that  their  minute- 
ness, therefore,  is  the  cause  of  their  being  harmless.  A  lighted 
candle  will  fill  a  sphere  of  four  miles  in  diameter,  and  may  be 
eztinnisked  without  having  lost  any  sensible  portion  of  its 
weight ;  yet  it  must  have  diffused  several  hundreds  of  millions 
mare  particles  of  light  than  there  could  be  grains  in  the  whole 
earth,  if  it  were  entirely  composed  of  the  finest  sand. 

It  is  «  principle  in  mechanics^  that  the  momentum  of 
moving  bodies,  or  the  force  with  which  they  strike,  is  propor« 
tionate  io  the  quantity  of  matter  they  contain  nuItipUea  by 
thdr  velocity ;  consequently,  if  the  particles  of  light  weie  not 
iofinil#ly   imallfr  ttan   we   can   conceive,    notUng  could 
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withstand  their  impnbe.  Light  moves  2,000,000  of  times 
faster  than  a  cannon  ball ;  oonsequentlj,  if  its  particles  weie 
only  eqaal  in  size  to  (he  2,000,000th  part  of  a  grain  of  sand,  tb^ 
would  produce  an  effect  equal  to  that  of  sand  from  the  moatn 
of  a  cannon*  If,  keeping  this  in  mind,  we  further  consider 
the  facility  with  which  light  penetrates  the  hardest  bodies,  as 
glass,  crystal,  and  even  the  diamond  itself,  through  all  which  it 
finds  an  instant  passage,  and  that  it  does  notdbplace  the  smallest 
atom  of  dust  which  it  encounters  in  its  progress,  we  shall 
not  hesitate  to  admit,  that  the  particles  of  light  cannot  be  equal 
in  size  to  the  4,000,()00th  part  of  a  grain  of  sand. 

As  the  particles  of  light  are  continually  passing  from  every 
luminous   body,    in    all  directions,  it  may  be  inquired  why 
they  do  not  interfere  with  each  other  in  such  a  manner  as  to 
confoutid  all  distinct  perception  of  objects,  if  not  quite  dertroy 
the  sense  of  seeing?    Their  velocity,  however,  enables  us  to 
answer  these  questions,  by  convincing  us  that  they  may  be 
separated  at  least  a  thousand  miles,    and  yet  be  perfectly 
efficient  to  the  purposes  of  vision.    It  is  an  undoubted  fact, 
that  the  efiect  of  light  upon  the  eye  is  not  instantaneous,  but 
that  the  impression  remains  after  the  light  has  been  withdrawn. 
Of  this  any  one  may  satisfy  himself,  by  shutting  h»  eye, 
after  having,  looked  for  some  time  on  a  candle,  a  star,  or  any 
other  luminous  object,  when  a  faint,  momentary  picture  of  the 
object  will  remain.    Tbe  same  thing  may  be  proved  by  whirling 
round  a  stick,  the  extremity  of  which  b  on  fire;  if  the  motion 
be  quick  enough,  the  perception  of  a  complete  circle  of  flame 
will  be  improsed  on  the   eye.      The  actual  duration,  for  a 
certain  time,  of  the  impression  of  light  being  thus  proved,  let 
it  be  supposed  to  continue  distinct  onlv  for  the  150th  part  of  a 
second ;  then  if  one  lucid  point  of  the  sun*s  surface  emit  150 
particles  of  light  in  a  second,  these  will  be  amply  sufficient  to 
aflbrd  light  to  the  eve  without  any  intermission;  and  yet  the 
particles  emitted  will  be  more  than  1000  miles  apart. 

Notwithstanding  the  extreme  tenuity  of  light,  the  task  of 
actually  measuring  its  momentum  has  not  proved  either  too 
bold  to  be  conceivra,  or  toodifficult  to  be  executed.  Boerhaave 
gave  motion  to  the  needle  of  a  compass,  by  concentrating  the 
rays  of  the  sun  upon  it  with  a  powerful  burning-glass,  and 
Mitchell,  in  later  times,  tried  an  experiment  to  the  same  purpose 
in  a  still  more  satisfactory  manner.  He  constructed  an  instru- 
ment, in  the  form  of  a  small  vane  or  weathercock.  It  consisted 
of  a  very  thin  plate  of  copper,  of  about  one  inch  square, 
which  was  atlacned  to  one  of  the  finest  harpsichord  wires, 
about  ten  inches  long.    To  the  middle  of  the  wire  was  fixed  an 
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agate  cap,  sucb  as  is  used  for  the  smallest  marineis'  compasseS) 
after  tfae  manner  of  which  it  was  intended  to  turn ;  and  thfe 
copperplate  was  balanced  on  the  other  side  by  a  grain  of  small 
shot.  The  instrument  weighed  ten  grains;  and  to  prevent  its 
being  affected  by  the  vibrations  of  the  air,  it  was  inclosed  in  a 
glass  box.  The  rays  of  the  sun  were  thrown  upon  the  plate  of 
copper  from  a  concave  mirror  of  two  feet  in  diameter;  in  conse* 
qnence  of  which,  the  vane  or  copperplate  moved^  on  repeated 
trials,  with  a.grndual  motion  of  about  one  inch  in  a  second  of 
time.  The  instrument  weighing  ten  grains,  and  the  velocity 
with  which  it  moved  being  one  inch  in  a  second,  the  quantity 
of  matter  contained  in  the  lays  which  fell  upon  the  instrument 
in  that  time,  was  eqnal  to  the  twelve  hundrea  millionetb  part  of 
a  grain,  the  velocity  of  light  exceeding  the  velocity  with  which 
the  instrument  moved  in  that  proportion.  The  mirror  contain^ 
ing  about  three  square  feet  of  surface,  and  mirrors  in  general 
reflecting  only  half  the  rays  which  fall  upon  them,  the  quantity 
of  matter  contained  in  the  rays  of  the  sun  incident  upon  a 
square  fiwt  and  a  half  of  surface,  is  no  more  than  one  twelve 
liandred  millioneth  part  of  a  grain.  -But  the  density  of  the 
lays  of  light  at  the  surface  of  the  sun  is  greater  than  at  the 
earth  in  the  proportion  of  45,000  to  1.  If  in  one  second, 
therefore,  one  square  foot  of  the  sun*s  surface  emit  one  forty 'five 
thousandth  part  of  a  grain  of  matter,  the  supply  will  be  adequate 
to  the  consumption  of  light;  yet  it  will  be  little  more  than 
two  grains  a  day,  or  about  4,380,000  grains,  or  626  pounds 
in  6,000  years,  a  loss  which  would  have  shortened  the  sun*s 
diameter  about  ten  feet,  if  it  were  formed  of  matter  the  density 
of  water  only. 

B^  those  who  adopt  the  opinion  that  light  is  cofistitnted  by 
the  vibrations  .of  a  subtile  fluid,  it  has  been  urged,  that  if  a 
flood  of  particlea  were  incessantly  streaming  from  the  son,  the 
diminution  of  the  bulk  of  that  Inminaiy  would  have  become 
very  perceptible  from  the  diminution  of  his  beneficial  dfects. 
But  even  if  the  preceding  calculation  of  the  emission  of  light 
be  estimated  tax  too  low,  when  the  immensity  of  the  sun's 
diameter,  which  amounts  to  878,808  English  miles,  is  consi* 
dered,  we  shall  see  little  reason  to  justify  the  apprehensions  of 
its  being  exhausted,  however  extravagant  our  ideas  of  the 
duration  of  the  present  system  of  nature.  And  although  we. 
vgect  the  great  probability  that,  like  our  atmosphere,  it  is 
with  the  means  of  its  own  perpetual  replenishment. 

It  has  been  objected  to  MitchelFs  experiment|  that  the  ah^ 
rarefied  by  his  mirror,,  was  sufficient  to  give  motion  to  the  vane^ 
dthoQgh  the  Jight  whick  fell  on  it  had  no  momentum  whatever; 
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bat  il  has  been  fomid  that  precisely  the  nine  molioB  m  |inid«oefl 
in  Tacuo  as  when  the  glass  case  is  filled  with  air.  The  fiul  thai 
light  has  moDientuDi  maj  therefore  be  oonskleieil  as  profed^ 
llMHigh  the  deductions  drawn  from  the  experiment,  lentive  to 
the  qoantity  of  it,  are  liable  to  roach  uncertainty. 

Another  areument  in  favoar  of  the  extreme  tenuity  of  ligM, 
aod  of  its  particles  following  each  other  at  an  immense  distanoe, 
is  the  well  known  fact,  that  the  rays  collected  by  the  strongest 
baming  gfaias^  will  not  inltame  the  most  oombastiUe  matter 
while  they  merely  pa&s  tkroagh  it.  A  phial  containii^  spirit 
of  wine  will  not  be  set  on  fire;  bot  if  the  spirit  is  pooied  into  a 
»poon  or  any  opake  vessel,  which  sMftps  the  pragvem  of  the  coo- 
centrated  rays,  inflammation  instantly  results.  This  Cimfliar 
experiment  enables  us  to  account  for  the  cold  expeiienotti  at  the 
summits  of  high  mounlains.  The  atmosphere  is  not  warmed 
by  the  mere  passage  of  the  rays  through  it;  these  nys  first 
beat  the  earth,  where  they  are  first  stopped,  arid  the  earth  then 
oommonicates  its  own  temperatare  to  the  air,  which  being  a  vtrf 
bad  conductor  of  heat,  the  lower,  denser  stratum  of  it,  beoomes 
the  chief  residence  of  its  warmth.  Such  parts,  theiefcie,  as  are 
elerated  above  the  general  surfoce  of  the  earth,  derive,  in  pro- 
portion to  their  height,  a  diminished  advantage  from  Ibb  car* 
cumstanoe,  and  though  they  may  receive  as  mariy  lays  as  an 
equal  extent  of  burning  desort,  yet  the  snrfiioe  th^  costaia  is  so 
trifling,  when  oompiued  with  the  stratum  of  air  on  a  fevel 
with  them,  that  the  scat  produced  is  abstracted  as  qalckly  as 
it  is  formed. 

The  next  property  of  light  which  demands  oar  attention, 
IS,  that  it  is  propelled  from  every  luminous  body  in  r^fH 
fines.  This  is  evklent  from  an  experimiefit  which  any  person 
may  asake  with  a  beat  tube,  througfar  which  Mthing  can  be 
discerned,  if  it  be  so  asnch  bent  that  nothiiy  ean  pass  through 
it  in  a  right  line.  Another  p¥oof  of  the  same  bu:!,  is  that 
shadows  are  bonnded  br  right  lines  drawn  from  the  loasinoiis 
body  past  the  oontoor  of  the  body  casting  the  shadow. 

It  IS  generally  supposed,  according  to  this  principle,  that 
those  bodies  only  are  iraaspwreni  whSit  poies  are  such  as  lo 
permit  the  rajrs  of  light  to  pervade  th«n  in  a  right  Une,  ami 
that  those  bodies  are  opoibr,  which  iotetospt  the  rays  like  the 
bent  tube. 

Every  ray  of  light  carties  with  it  the  image  of  the  pomt 
from  which  it  was  emitted.  If,  thetefoie,  the  pencHs  of  rays 
fcKta  every  pomt  of  an  otject,  are  uftilsd  in  the  same  order  in 
which  they  proceeded  wheA  fint  emitted,  thcj  will  form  a 
pcrfipct  image  or  rriinstiiinlhin  of  tha*  o<b^  al  the  pkM 
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where  they  are  thus  united.  The  rays  of  light  proceeding  in 
straight  lines,  it  is  obvioiis,  that  to  make  an  object  visible,  at 
any  place  to  nvbich  a  straight  line  can  be  drawn  from  it  to  the 
eye,  they  must  be  detached  from  every  physical  point  of  it  in 
ail  directions ;  but  only  those  rays  which  enter  our  eyes  can 
render  them  visible  to  us.  Thus  the  object  ACB,  fig.  S,  pi.  I, 
is  rendered  visible  to  an  eye  in  any  part  where  the  rays  An,  Afr, 
Ac,  Ac/,  Boj  Bbj  Be,  B</,  Ca,  C6,  Cr,  Ccf,  can  come;  and  these 
rays  aflisct  our  sight  with  the  sense  of  diflTerent  colours  and 
shades,  according  to  the  properties  of  the  body  from  which  the 
light  is  reflected.  However  confused  the  figure  may  appear, 
those,  to  whom  the  snbiect  is  new,  will  observe  that  the  rays  are 
only  made  to  proceed  from  three  points:  and  hence  they  may 
be  enabled  to  form  some  slight  conception  of  the  numberless 
crossings^ of  the  rays,  in  order  that  every  part  of  a  body  may 
be  visible,  in  whatever  direction  it  is  lookea  upon. 

Here  perhaps  we  may  allow  the  young  reader,  before  we 
pass  on  with  didactic  philosophy,  to  contemplate,  for  a  moment, 
that  luminary  from  which  all  light  proceeds*  The  barbarous 
and  the  civilized,  the  ignorant  and  the  wise,  have  in  all  ages 
regarded  the  sun  as  the  grandest  object  of  the  whole  visible  crea^ 
tion.  With  what  delight  does  the  lover  of  nature  view,  in  what 
glowing  colours  has  the  enraptured  poet  painted,  his  rising,  his 
meridian,  and  his  setting  glories.  Allusions  to  the  snn,  and  to 
light,  constitute  the  most  beautiful  expressions  and  figures  of 
speech  in  all  languages;  and  such  are  the  ideas  of  association 
connected  with  tnem,  that  frequency  of  repetition,  or  even  abuse, 
can  scarcely  render  any  of  them  contemptible.  A  few  might 
be  adduced,  which  accompany  only  triteness  of  sentiment,  and 
feebleness  of  diction,  but  genius  has  still  the  power  of  eliciting 
new  descriptions  and  combinations  c(  allusion,  as  poetically 
beautiful,  as  philosophically  correct.  Thompson's  apostrophe 
to  the  sun  is  distinguislied  for  grandeur  of  idea,  and  simplicity 
•f  expression : 


**  Orest  sooree  of  daj,  best  imsge  here  below 
Of  thy  Crcttor^  ever  poaring  wide, 
Proa  worki  to  world,  the  ▼it«l  ocean  roand/ 
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Hefra/tgibiEiy  of  Ughi. 

The  naf and  pragrem  of  the  rajs  of  light,  we  have  alreadj 
fbowD,  is  in  straight  linei;  yet,  like  all  other  matter,  light  is 
inflaenced  by  attraction,  which  somctifnes  tarns  it  oot  of  its 
direct  course.  This  happens  when  it  passes  oat  of  one  medinm 
into  another  of  different  (Mnsity,  as  from  air  into  water  or  glan» 
or  from  water  or  glass  into  air.  Thb  disposition  or  capability 
of  light  to  be  bent,  is  called  its  reframgibiSiyj  and  the  change 
of  direction  actnally  assumed  when  the  rays  enter  anotlMr 
mediam,  is  called  rcfraclhn, 

A  very  easy  experiment  will  convince  any  one  that  light  is 
influenced  by  some  power  or  other  when  coming  oat  of  a  difie* 
rent  medium :  put  one  end  of  a  stick  into  water,  and  it  will 
appear  at  the  surfieice  as  if  it  were  broken.  This  effect  is  owing 
to  the  rays  of  light  being  attracted  or  drawn  oat  of  tlietr  direct 
course,  as  may  be  proved  in  a  variety  of  ways.  Place  a 
shilling,  or  any  other  conspicuous  but  small  object  at  the 
bottom  of  a  basin,  and  then  retire  to  such  a  distance,  that  the 
edge  of  the  vessel  just  prevents  its  beiiig  seen.  Let  the  vessel 
be  then  filled  with  water,  and  the  shilling  will  be  perfectly 
visible,  though  neither  it  nor  the  spectator  have  changed  places 
in  the  slightest  degree.  Another  experiment  of  the  same 
nature,  and  more  easily  managed  by  one  parson,  is  the  fcdlow- 
ings  take  a  basin,  or  any  convenient  vessel,  and  place  it  in 
such  a  situation  that  the  shadow  of  a  lighted  candle  will  fill  one 
half  of  it;  hold  the  end  of  a  ruler  or  stick  exactly  on  the  place 
where  the  shadow  terminates ;  ihen  pour  water  into  the  basin, 
and  the  shadow  will  be  seen  immediately  to  withdraw  from  the 
ruler.  Increase,  the  quantity  of  water,  and  the  distance  to 
^hich  the  shadow  will  retreat,  will  also  be  increased. 

It  is  necessary  to  observe,  that  only  those  rays  which  enter 
Wo\hpx  medium  obliquely^  suffer  refraction,  for  a  ray  which 
falls  perpendicularly,  is  equally  attracted  on  all  sides,  and 
therefore  has  no  tendency  to  deviate  in  any  direction.  In  the 
experiment  with  the  shilling,  the  spectator  looks  at  it  in  an 
oblique  direction;  and  the  rays  proceeding  from  it,  by  which  it 
is  rendered  visible  after  the  water  has  been  poured  in,  are  bent 
towards  him,  on  entering  the  air.  A  ray  of  light,  AC,  fig.  7, 
pi.  I,  which  passes  obliquely  from  the  air  into  water  at  C, 
instead  of  contmuing  its  course  toB,  takes  the  direction  CH; 
and  the  reverse  is  equally  true,  a  ray  of  lig:ht  from  H,  reflected 
in  the  direction  IIC,  instead  of  continuing  its  rectilinear  coarse, 

Eiroceeds  in  the  direction  CA ;  therefore  an  object  at  H  is  seen 
y  an   eye  at  A,    as  if  it  were  actually  at  B,  every  object 
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appearing  to   be  in  the  direction  of  those  rays  which  last 
approached  the  eye. 

That  the  rays  of  light  actually  proceed  in  the  direction 
ascribed  to  them,  is  not  merely  a  matter  of  specnlation ;  we 
may  have  ocular  demonstration  of  the  fact  in  a  variety  of  ways, 
of  which  the  following  is  one:  Take  an  empty  basin,  and  on 
the  bottom  of  it  fix  marks  at  a  small  distance  from  each  other, 
then  take  it  into  a  dark  room,  and  let  in  a  ray  of  light,  and 
where  the  ray  falls  upon  the  floor,  place  the  basin,  so  that  its 
marked  diameter  may  point  towards  the  window,  and  that  thie 
light  may  fall  upon  the  mark  most  distant  from  the  window. 
Pour  water  into  the  basin,  and  it  will  be  found  that  the  ray 
which  before  fell  upon  the  most  distant  mark,  will,  by  the 
refractive  power  of  the  water,  be  turned  out  of  its  straight 
course,  and  fall  two  or  three  marks  nearer  the  centre  of  the 
basin.  The  water  may  now  be  rendered  rather  turbid  without 
destroying  its  transparency,  which  may  easily  be  done  by  the 
addition  of  a  few  drops  of  milk,  then  filling  the  room  with 
dust,  the  light  will  be  completely  visible,  both  in  its  passage 
through  the  air  and  the  water.  Three  directions  of  the  ray 
will  be  distinctly  perceived ;  the  direction  of  incidence,  or  that 
in  which,  from  tne  aperture,  it  fieills  obliquely  on  the  water; 
that  of  reflection,  equal  to  that  of  incidence ;  and  that  of 
refraction,  which  commences  at  the  surface  of  the  water,  and 
is  cootiRued  in  a  direct  line  to  the  bottom  of  the  basin.  All 
things  remaining  the  same,  place  a  small  piece  of  looking-glass 
at  the  bottom  of  the  basin,  where  the  refracted  beam  falls,  and 
it  will  be  reflected  back  again  through  the  water,  and  in  passing 
out  of  the  water  into  the  air,  will  1^  again  refracted  or  turned 
out  of  its  course. 

The  greater  the  density  of  any  medium,  the  greater  is  its 
lefraetive  power ;  and  of  two  refracting  media,  that  which  is 
of  ao  oily  or  inflammable  nature,  will  have  a  greater  refracting 
power  than  the  other. 

The  inddeni  angle  is  the  angle  made  by  a  rav  of  light  and  a 
line  drawn  perpendicular  to  the  refracting  surface  at  the  point 
where  the  ray  enters  the  surface ;  and  the  refraded  ansle^  is  the 
angle  made  by  the  ray  in  the  refracting  medium  with  the  same 
perpendicular  continued.  The  sine  of  the  angle  is  a  line  which 
serves  to  measure  the  angle,  being  drawn  from  a  point  in  one 
leg  perpendicular  to  the  other.  In  fig.  7,  pi.  I,  ACD  is  the 
incident  angle;  HCE  b  the  refracted  angle;  BCH  is  the  angle 
of  deviation ;  AF  is  the  sine  of  the  angle  of  incidence;  H6  is 
tht  sine^  the  angle  of  refraction. 
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If  tbe  incidcBl  nj,  AC,  Ml  ia  a  Mofe  oUiqae  dirediiMi 
than  is  lepracaled  bj  fig.  7,  the  fcfnction  woald  be  itill 
|ricater ;  Iwt  ia  all  caxt  of  sioUlar  media,  the  angle  of  leftac- 
tion  will  alwajs  be  foond  to  bear  a  i^qralar  and  constant  propor* 
tion  to  the  angle  of  incidence;  or,  in  the  langna^  of  opticianBy 
thesineof  incidence  is  to  the  sine  of  lefiaction  in  a  ^iven  latio 
or  pioportion,  and  this  ratio  is  discoTcred  bj  experience,  la 
the  present  instance,  if  with  a  pair  of  uanpaaees  we  divide  the 
sine  of  incidence  into  fbor  parts,  the  sine  of  refraction  will  be 
euctly  three  of  those  parts.  Hence,  when  a  laj  puses  ont  of 
air  into  water,  the  ratio  is  said  to  be  as  4  (o  3;  when  out  of 
water  into  air,  the  ratio  is  rerefaed,  and  therefaie  becomes  as 
3  to  4.  The  ratiooot  of  glass  into  air  is  as  9  to  3 ;  conseqoentlj 
ont  of  air  into  glass,  it  is  as  3  to  8. 

It  will  be  obserred,  from  what  has  been  jost  said,  that  in 
passing  into  a  denser  medium,  light  is  refmcted  Ummdi  the 
perpendicular,  that  is,  the  angle  of  refraction  is  km  than  the 
angle  of  incidence;  on  the  contrary,  when  pmsing  into  a  rarer 
medium,  it  is  refracted  from  the  perpendicular.  The  inspeo* 
tiop  of  fig.  7,  will  render  this  erioent ;  the  angle  of  incidence^ 
ACD,  being  so  much  larger  than  the  angle  of  refraction*  E£Ht 
tbe  refracted  ray  CH,  is  newer  the  perpendicnhtf  than  if^  pro* 
cecding  in  a  right  Une,  it  Imd  gone  to  HL 

It  maj  seem  at  first  view,  a  little  extraordinary,  thai  light 
should  pom  more  directly  throvgh  a  dense  than  tbraagh  a  rare 
medium;  but  we  hare  alreudy  seen  thai  light  is  subject  to 
iMrsction,  and  Sir  hmc  Newton  disporerBd  Md  demomteted^ 
that  this  power  is  the  cause  of  refraction*  A  dicnnwiunce  thai 
confirms  the  truth  of  this  thcoty,  is  the  known  lact,  that  the 
diange  in  the  direction  of  the  ray  commences,  not,  as  ssight 
be  supposed,  when  it  comes  in  contact  with  the  refracting 
SMdium,  but  a  little  befrne  it  reachm  the  snriacei  and  the 
incunratioo  augments  in  proportion  as  it  approaches  the  medinm. 
Then  m  the  attractive  power  of  different  sobstaaom  are  pnmor* 
taonate  to  their  densities,  we  discover  at  once  the  reason  of  the 
lay  being  bent  iamardi  the  perpendicuhr  on  cnieriiy  another 
medium  of  greater  density,  and  from  the  per^eadicnlar,  on 
entering  a  medium  of  lem  density. 

In  passing  from  a  dense  into  a  lare  medium,  howeier, 
there  is  a  certain  dc^gree  of  obliquity  at  which  the  refitaction  is 
chsaged  into  reflection.  In  other  words,  a  la^  of  light  will 
not  nam  out  of  a  denm  into  a  rare  me^m,  if  the  awk  of 
inritoice  eaceeds  a  ceitaia  limit,  but  will  be  rpflortifd  hack. 
Thus  a  ray  of  light  wiU  not  pms  ont  of  ^s  inio  air,  if  tka 
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joigle  of  incidence  exceeds  40^  IT,  or  out  of  glass  into  water, 
if  the  angle  of  incidence  exceeds  59°  SO'. 

A  knowledge  of  refraction  wilt  enable  us  to  explain  a  variety 
of  carious  phenomena,  and  on  some  occasions  will  usefully  direct 
our  judgment*  When  a  spectator  stands  on  the  bank  of  a 
river,  just  about  the  level  of  the  water,  the  bottom  will  be  one- 
third  deeper  than  it  appears.  This  is  a  necessary  consequence 
cf  the  rays  from  the  bottom  being  bent  ftom  the  perpendicular, 
and  consequently  inclined  towards  the  spectator,  on  pacing  out 
of  the  water  to  his  eye.  Those  who  shoot  fish  in  the  water, 
soon  obtain  a  practical  knowledge  of  this  deception,  for  they 
find  that  they  cannot  hit  their  mark,  unless  they  aim  considerably 
below  the  place  which  it  seems  to  occupy.  A  proof  of  the 
Act  may  very  easily  be  obtained :  immerse  a  stick  or  straight 
rod  of  any  kind,  perpendicularlv  in  water,  until  the  part 
which  is  immersed  appears  of  equal  length  with  the  part  above; 
upon  taking  it  out  and  measuring  the  pdrts,  it  will  be  found 
that  they  dre  to  due  another  as  4  to  S.  We  can  now  hitve  no 
dMcuIty  in  accounting  for  the  broken  Apnearance  of  aoi  dar, 
when  partially  immersed  in  water.  Let  FOIt,  fi^  6,  pi.  II, 
ftpiesent  an  oar,  the  part  6H  beint  in  the  water,  knd  the  part 
GP  out  of  it.  The  rays  sent  to  the  eye  from  H,  will  appear 
to  come  from  I,  nearer  to  the  surface  of  the  wafer,  and  as  levery 
part  of  GII9  ivill  appear  proportionately  nearer  the  surface, 
the  part  6H  will  appear  to  make  ab  angle  w^h  the  part  OF. 

It  is  not  merely  objects  that  are  p&rav  out  of  water,  whicli 
lose  their  natural  appearance  from  refraction;  those  Hrhich 
are  entirely  immersed,  especially  when  they  are  latge,  and  lie 
at  a  considerable  depth,  appear  distorted  in  a  variety  of  ^ays. 
A  flat  bottomed  basin,  seems  deeper  in  the  adiddle  than  sot  th<^ 
sides,  and  a  lonff  straight  leaden  pipe  appears  to  be  curved. 
The  reaion  is,  that  the  rays  from  the  more  distant  extiiemities 
oDme  in  a  more  oblique  difrection  on  their  emergence  into  flie 
air,  and  consequentiy  sdfi^r  a  greater  refraction  than  thfe  ifest. 

The  distortion  of  objects  seen  through  a  wrinkled  or  crobked 

Sne  of  a  window,  tan  have  escafm  the  cMe)rvat!on  of 
r:  it  arises  firMi  the  unequal  refraction  of  the  rays  wbicli 
pass  through  the  glass.  In  looking  thtou^h  An  eVeinr  paife  of 
glass,  about  the  tenth  of  an  inch  thidc,  objects  Appear  neitvjr 
one-thirtieth  part  of  an  inch  out  of  their  true  plaee,  but 
as  they  all  msdntafa  the  same  rafartlve  sitttatfoki,  tne  ettdi  is 
noi  perceiveo. 

A  strange^  to  this  subject  would  scarcely  suspect,  that  #e 
never  see  mc  stars  in  the  place  where  they  teauf  Are,  aiidfbat  y^i/t 
actoiAjr  see  the  sun,  and  other  hetftmly  bodies^  befbre  flK^y  ar^ 
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abofvc  tke  horuoa*  Oar  slan§pherp  ifacwiit  im  Aemattf 
M  il  iocfcsttcs  in  height,  aod  Uioneht  at  thr  tA>p»  of  the  bicheU 
■NH}Dlai«s  iU  pri^^Mire  is  so  diminiilwd,  that  bitalhing  is 
difficoit,  auid  the  b&ood  ottro  gushes  ibroogh  Um  ftkim,  jnK  al 
tbr  ckvation  of  fortj*ljTe  miieai,  il  is  still  capable  of  iHiacti^g 
a  laj  of  l^t.  WbcB,  tbadbie,  tbc  saa  ii  soak  so  lar  bdoar 
the  borizoD,  thai  Lis  lajs  caa  oalj  strike  ibe  appcr  part  of  the 
atiaospbcre,  be  still  rcnaias  TisiUe,  because,  iasirad  of  paging 
diiedij  oDwaid,  tbe  lajs  aie  attiarted  towards  the  perpeadicift* 
hr,  aad  oooKqoeDtlj  bent  towards  the  spectator  oa  the  earth. 
To  exhibit  this  cfiect  to  tbe  cje,  let  ig.  9,  reprcscat  tha  caith 
snnooaded  by  its  atmospherr.  HO  is  the  visible  horiaon  of 
a  spfiria^^  standing  at  P.  S  rcpicsents  the  sen  as  jet  icalljr 
bdow  tbe  horizon,  from  which  a  laj  of  light  ascrnih,  and 
fslliag  on  tbe  upper  part  of  the  atniospiiere,  k,  by  Ihe  attrao* 
tion  it  theie  experiences,  bent  oat  of  ils  direct  ooane  lowarda 
D,  into  tbe  oUiqae  one  IP,  by  which  uMaM  it  £dk  apon  tha 
eye  of  the  spectator,  who,  penxiriag  the  san  in  the  diiectioa 
of  the  rcftaded  lay,  will  sappose  it  to  be  at  R,  which  is  higher 
than  its  troe  place  by  moie  than  a  dJamHrr*  Tbe  length  of 
time  tint  the  son  appears  above  tbe  horiaon,  while  he  bactaally 
bdow  it,  varies  a  Utlo  with  a  number  of  cifcoflutanoes,  bai 
chiefly  with  a  tUCereaoe  of  latitude.  \i  thr  apprnmrh  nf  lumiarr, 
near  tbc  poles,  the  sun  beoonnes  constantly  visible  lor  two  ar 
three  weeks  before  he  actually  rises  above  tbe  horiaon;  and  at  the 
i^iproach  of  winter,  when  he  has  sunk  below  tbe  hornon,  hb 
prewnce,  from  refiactaon,  continues  to  cheer  these  dreary  regions 
for  a  similar  space  of  time.  Tbe  heavenly  botlies,  when  in  the 
xenith,  are  not  sublet  to  any  refraction ;  but  when  in  tbe  horiaon 
they  have  the  greatest  of  aU:  from  the  horiaon  to  the  aenilh,  the 
refmctioo  continually  decreases. 

Mankind  have  availed  themsdves  of  the  principle  of  rcfrao« 
tion,  to  a  most  ezodlent  purpose,  in  tbe  construotioo  of  lenm; 
for  by  grinding  tbe  glass  tbmner  at  tbe  edges  tbaa  in  tha  mid* 
die,  those  rays  of  light  which  would  strike  upon  it  in  a  straight 
line,  or  perpenditmhul^,  if  it  were  plain,  strike  upon  il 
obliquely,  ana  the  refraction  they  suffer  causes  them  to  converge; 
on  toe  contrary,  by  makiiig  tbe  glass  thinner  in  tbe  miifctte 
than  at  the  sides,  the  rays  are  lefradled  the  contrary  way,  and 
therefore  become  divergent. 

Tbe  consideration  of  refraction  through  lenses  amy  perhaps 
be  rendeied  more  clear,  if  we  reflect  that  idl  curved  suifiices  are 
composed  of  a  number  of  straight  lines,  or  points,  iafinilely 
sboi^  aad  inclining  to  each  other  like  the  stones  in  the  arcb  of 
a  bndffs.    In  fig.  10,  pL  II,  paraUd  mys  are  repnKated  at 
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falling  upon  a  surface  of  this  sort,  and  it  is  eTident  that  those 
only  If  hich  enter  the  middle  part  will  ^  on  in  a  straight  direc- 
tion ;  those  -which  strike  the  sides  will  strike  them  obliquely, 
aiid  will  consequently  be  made  to  converge.  If  the  surface, 
then,  was  a  perfect  curve,  as  in  fig.  11,  it  is  plain  that  only 
the  ray  wbicti  strikes  the  centre  point  of  the  curve  will  enter 
it  in  a  strat^  direction;  all  the  rest  will  be  more  or  less  refract* 
ed,  according  to  the  degree  of  obliquity  with  which  they  strike 
the  surface,  and  the  whole  of  the  refracted  rays  will  converge 
to  a  point,  called  the  focu9. 

Glasses  are  usually  ground  for  optical  purposes  into  eight 
different  forms.  1.  The  glass  may  be  flat  on  both  sides,  like 
the  pane  of  a  window*  S.  It  may  be  flat  on  one  side,  and 
convex  on  the  other.  3.  It  may  be  convex  on  both  sides. 
4.  It  may  be  flat  on  one  side  and  concave  on  the  other.  5. 
It  may  be  concave  on  both  sides.  6.  It  may  be  convex  ou 
one  side  and  concave  on  the  other,  like  the  crystal  of  a  watch « 

7.  It  may  have  one  side,  which  must  be  convex,  ground  into 
little  facets,  while  the  other  side  b  plane.  8.  It  may  have 
aome  considerable  leagth,  in  a  triangular  form.  The  sections 
of  these  various  forms  of  glasses  are  shown  at  fig.  12,  pi.  11^ 
and  they  are  distinguished  by  the  following  names :  the  gbas 
No.  1,  is  called  a  ptitne  glass j  as  its  sides  are  parallel ;  No.  2, 
is  called  a  pkuKhCOwcex  glass ;  No.  3,  a  double-convex  glass  \ 
No.  4,  a  puui{hconcaDe  glass ;  No.  5,  a  double-concaDt  gla^s ; 
No*  6,  a  meniseus  glass ;  rfo.  7,  a  multiplt/ing  glass;  and  No. 

8,  a  prism.  The  krm  lens  is  given  to  such  glasses  as  either 
magnify  or  diminish  the  apparent  site  of  objects  viewed  through 
them ;  Nos.  2,  S,  4  ana  5,  are  therefore  lenses ;  No.  6  is 
also  a  kns,  when  its  surbces  are  portions  of  different  spheres ; 
but  when  they  are  of  equal  radii,  it  has  only  the  effect  of  a 
plane  glass. 

From  the  view  we  have  already  given  of  refraction,  the 
cftcts  of  the  first  seven  of  these  passes  will  be  easily  under- 
stood.— The  prism  will  receive  a  distinctive  consideration^  A 
my  entering  the  plane  glass.  Now  1,  will  indeed  be  refracted, 
but  it  will  suffer  another  refractbn  on  its  emergence,  which 
will  rectify  the  former;  the  place  of  the  object  will  there- 
fore be  a  little  alfered,  but  its  figure  will  remain  the  same. 
Suppose  AB,  fig.  IS,  to  represent  a  solid  piece  of  glass  with 
two  parallel  surfaces,  an  incident  ray  EF,  will  be  refracted 
into  FG,  and  PG  will  be  refracted  on  passing  from  the  second 
surface  into  GH,  parallel  to  the  original  direction  £F. 

If  parallel  rays  enter  the  pbno-convex  glass,  as  shown  by 
fig.  1 1  y  the  ray  £  will  be  refracted  upwards  to  F,  the  ray  K 
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will  be  refracted  downwmids  to  the  tame  poinl ;  Oere  thej  will 
cro«,  and  theD  go  onwaid  to  a  gtraigHt  liaci  and  oontiMie  to 
diTrrire,  till  iiileicepted  by  tone  obitMe. 

Wbrn  parallel  raja  rail  QpoD  a  double  ooavex  glara,  KG, 
tliey  will  be  lefiracted  still  more  abniptlj,  aodf  meet  looiier  ia  a 
point  or  priacipal  focus  at  P.  The  distance  of  this  focus  is 
eqaal  to  the  semi-diameter  of  the  dfde  which  the  oonveaitjr 
of  the  glass  oontiaoed  woald  prodoee.  fikher  this  glass  or 
the  former,  as  tfaej  collect  the  rays  of  the  son  into  a  poinl^ 
will  bam  at  that  point,  the  whole  feice  of  the  ragps  that  jjasa 
throogfa  them  beinj^  concentrated  there. 

From  all  lominons  objects,  the  rays  of  light  proceed 
in  a  slate  of  dirergence;  bat  when  the  distance  from  mhich 
they  come  is  very  great,  the  qnantily  of  divergence  ia  loo- 
small  to  reqnire  notice.  The  snn,  for  example,  is  so  immense* 
ly  distant,  that  his  rays  are  always  considered  as  parallel ;  and 
it  is  only  parallel  rays  which  are  convefged  to  a  fbcos,  ia  the 
manner  shown  abore.  DiTeigent  rajrs,  proceeding  from  a. 
point,  as  the  flame  of  a  candle,  will  be  aifSsently  aActed. 
If,  therefore,  we  place  a  candle  exactly  at  the  focal  distanrr  of 
a  single  or  doable  cooTex  lens,  as  at  F,  6g.  1 1  and  14,  the  rays 
will  emerge  parallel  to  each  other.  Irthe  candle  is  pisced 
nearer  to  the  gbss  than  its  focal  distance,  the  rays,  afler  pamin|^ 
through  the  glass,  will  no  longer  beparalM,  bat  sspanie  or 
dtreige;  if  the  candle  be  phced  stiU  faither  oi^  the  rays 
will  their  strike  the  class  more  nearly  paralU,  and  wiH,  there^ 
fore,  upon  pttsing  tnrou^,  convem  or  unite  at  a  distance 
behind  the  gmss  more  neany  apmoaching  the  distanoeat  wUck 
parallel  rays  would  be  conTeigea. 

After  the  rays  hare  united  or  confetged  to  a  foeos,  they 
will  crass  each  other,  andi  form  an  inveited  pictore  of  the 
flame  of  a  candle,  which  ^ay  be  recetved  on  a  piece  of  paper 
placed  at  the  meeting  oC' the  nys  behind.  The  cause  of  the 
mrersion  of  the  image  is  Aereibfe^ary  evident;  fiwthavpper 
rays,  after  refraction,  were  snch  as  cnme  from  thennder  psat  of 
the  luminous  body ;  and  the  under  mys,.  oi^  the  contrary,  came 
fkom  the  upper  part. 

The  foregoing  theory  mav  be  demonstanled  with  a  oomnmn 
reading  glam.  lif  a  candle  be  held  so  near  a  gfaw  of  this  sort, 
that  the  rays  passing  through,  fall  upoa  a  screen  or  waU  with 
a  bright  spot  just  as  large  as  the  glosa  itself,  the  candle  ia 
then  at  the  focal  distance,  and  it  ia  clear  that  the  rays  whidi 
struck  the  glass  divergently,  are  refracted  paraDri,  or  the  spot 
of  light  could  not  be  just  the  sine  of  thegbss.  If  the  candle 
ia  heM  nearer  than  the  focal  tttrtmMe^  the  lays  will  then  fidH 
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/more  divergently  upon  the  glass,  and  will  consequently,  after 
refraction,  still  have  so  much  divergence  as  to  form  a  very 
broad  spot  of  light  upon  the  screen.  If  the  candle  be  held  at 
a  much  greater  distance  than  the  focus,  the  rays  fall  upon  the 
glass  more  nearly  parallel ;  and  therefore,  when  they  are  refract- 
^  ed,  they  tend  to  unite  and  converge  behind  the  glass,  and  will  form 
upon  the  screen  a  small  speck  of  vivid  light,  which,  if  closely 
examioed,  will  appear  a  perfect  image  or  picture  of  the 
candle. 

In  looking  throog^h  a  plano-convex  or  double-convex  lens, 
the  objects  we  examine  will  appear  magnified;  consonantly 
with  tne  general  rule,  that  we  see  every  thing  in  the  direction 
of  that  line  in  which  the  rays  last  approached  the  eye ;  and  it 
will  be  uoderstcKMl  when  we  come  to  treat  of  the  eye,  that  the 
larj^  the  angle  under  which  any  object  is  seen,  the  larger  that 
object  will  appear.  That  the  oonver£;encc  of  the  rays  of  the 
convex  lens,  enlarges  greatly  the  angle  of  vision,  and  conse- 
quently enlarges  the  apparent  size  of  objects  seen  through  it, 
will  be  evident,  if  we  continue  the  lines  in  the  direction  of  their 
convergence,  Uius,  KF  to  L,  and  FG  to  R,  fig.  14. 

From  glasses  the  reverse  in  form  to  those  we  have  hitherto 
Jbeen  considering^  we  shall  naturally  expect  opposite  efiects. 
Accordingly^  the  attractive  and  refractive  powers  of  the 
lenses,  Nos.  4  and  5,  fig.  12,  are  not  towards  the  centre  but 
towards  the  circnmference.  Parallel  rays  falling  upon  them 
are  made  to  diverge^  or  are  dispersed.  Bays  already  diver- 
gent are  rendered  more  so,  and  convergent  rays  are  made  less 
convergent  Hence  objects  seen  through  onje  of  these  glasses 
appear  smaller  than  to  the  nakecl  eye.  T^i^h  ^^  "  ^9  ^S*  '^9 
pi.  Ily  represent  an  arrow,  which  ^ould  be  seei^  by  the  eye, 
if  no  lens  were  before  it,  by  the  convergent  rays  pa^  ib ;  but 
if  the  double  concave  glass  DH  is  interposed  between  the 
object  and  the  eye,  the  ray  a  c  will  be  bent  towards  g*,  and 
the  my  6  t  will  be  bent  towards  it,  and  consequently  both  will 
be  nsdess,  ns  thej  do  not  enter  the  eye.  The  object  then  will 
be  seen  by  the  nys  a  o,  b  r,  which,  on  entering  the  glasS)  will 
be  refracted  into  the  lines  o  e  and  r  t ;  and  accordini^  to  the 
mle  just  laid  down,  the  object  will  be  seen  in  the  last  direction 
of  these  rays;  thereifore,  as  the  angle  ocvj  is. so  much  smaller 
tbnn  the  nngla  a  e  i,  the  artow  necessarily  appears  diminished^ 
and  na  with  the  diminution  of  its  apparent  size,  we  connect  the 
idea  of  tts  bong  fnitheroff,  it  seems  to  be  at  the  distance  n  m. 

The  menisGas  acts  like  a  convex  glass,  when  it  is  thickest 
in  the  middle,  that  is,  when  its  convex  surface  is  a  portion  of 
a  km  sobers  than  its  concave  one;  on  the  oontraiy,  when  il 
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is  thinnest  in  the  middle,  or  hus  its  ooncaye  sorfroe  a  portioA 
of  a  less  sphere  than  the  other,  it  has  the  eflfect  of  a  ooncafe 
lens.  Sometimes,  to  distingnsh  these  difiereoi  forms  from  each 
oCher,  when  the  glass  maenifies,  it  is  called  a  oooyexo-coiieaYe 
lens ;  when  it  diminishes  the  apparent  si«  of  objects,  it  is  called 
a  concavo-convex  lens;  and  tne  term  meniscus  is  restricted  lo 
such  as  have  both  their  surfaces  equally  arched,  and,  tbeie^ 
fore,  like  the  crystal  of  a  watch,  neither  magnify  nor  diminish. 

The  axis  of  a  lens,  is  a  line  supposed  to  be  drawn  throB|rh 
the  centre  of  its  spherical  surface  or  surfaces.  When  one  side 
of  the  lens  is  plane,  the  axb  of  course  falls  perpendicularly 
upon  that  side.  The  axis  of  a  lens  continued,  would  pass 
exactly  through  the  centre  of  that  sphere,  of  which  the  lens  is 
the  segment.  This  will  be  apparent  from  an  inspection  of  fig. 
1 1  and  14,  and  in  fig.  12,  a  line  is  drawn  representing  the  axes 
of  the  lenses.  When  opticians  mention  the  focal  distance  of 
a  convex  lens,  they  mean  the  focus  of  parallel  rays;  but  when 
they  wish  to  be  more  precise,  the  focus  of  parallel  rays  is 
distinguished  by  the  term  principal  focus.  Mathematicians 
demonstrate  that  the  principal  focus  of  a  planoHxmvex  lens 
is  at  a  distance  from  the  convex  sorlaoe  equal  to  the  diameter 
of  the  sphere  of  which  it  is  a  part;  and  that  the  principal  fmno 
of  a  double  and  equally  convex  lens  is  at  half  the  same  di^ 
tanoe.  The  principal  focus  of  these  lenses  may  therefore  be 
found,  with  sufficient  accuracy  for  common  purposes,  by  hold* 
ing  a  sheet  of  paper  behind  the  gbiss,  when  expoeed  to  the 
ravs  of  the  sun,  and  observing  when  the  spot  is  smallert,  and 
when  the  paper  most  readily  bums.  Or  when  the  focal  di»> 
Jance  does  not  exceed  two  or  three  feet,  it  may  be  found  by 
Jiolding  the  glass  at  such  a  distance  from  the  wall  opposite  a 
window,  that  the  image  of  the  sash  may  appear  distinct  upon 
the  wall.  When  accuracy  is  desirable,  ana  the  focal  distance 
exceeds  two  or  three  feet,  the  following  method  may  be  pnisued ; 
cover  the  lens  with  a  piece  of  paper  or  pasteboard,  in  which 
two  round  holes  have  been  made;  each  hole  being  at  an  eqnd 
distance  from  the  edge  of  the  lens,  and  in  one  of  its  diameters* 
Direct  the  axb  of  the  leos  thus  covered  to  the  son,  and  leoeife 
upon  a  piece  of  paper  the  circles  or  white  spots  pradooed 
by  the  two  holes,  which  will  be  observed  gradually  to  appiuach 
each  other  as  the  paper  is  moved*farther  oflF;  at  last  tMy  w31 
coincide;  ami  if  the  distance  of  the  lens  fmm  the  paper  be 
increased,  they  will  again  separate.  The  distance  of  toe  ptper 
from  the  glass,  when  the  circles  coincide,  is  the  focal  dntanco 
Required. 


OPTICS.  429 


Reflnction  through  lemes. 


When  a  lens  is  more  convex  on  one  side  than  the  other, 
and  both  radn  are  known,  the  following  rale  will  determine 
the  focus :  as  the  sum  of  the  radii  of  b^th  convexities,  is  to 
the  radius  of  either,  so  is  double  the  semi^dianieter  of  the  other 
to  the  distance  of  the  focus ;  or  divide  the  double  product  of 
the  radii  by  their  sums,  and  the  quotient  will  be  the  distance 
sought. 

As  convex  lenses  cause  many  rays  to  enter  the  eye  which 
would  otherwise  have  been  scattered  and  dispersed,  the  objects 
seen  through  them  appear  clearer  and  more  splendid  than 
when  viewed  by  the  naked  eye.  They  should  always  be  made 
as  thin  as  their  curvature  will  admit,  otherwise  the  brilliancy 
of  the  image  will  be  lessened  without  necessity,  by  the  rays 
which,  though  they  enter  the  glass,  are  reflected  or  sent  back. 

A  large  object,  seen  through  a  lens  which  is  very  convex, 
appears  more  or  less  distorted ;  this  proceeds  from  the  refraction 
not  being  equal  at  all  points,  and  the  decree  of  it  is  propor- 
tionate to  the  size  of  the  object  compared  with  the  focus  of  the 
ghiss.  When  the  object  is  not  much  too  large,  its  extremities 
only  appear  confused. 

To  ascertain  the  focal  distance  of  a  globular  glass  vessel 
containing  water,  such  as  a  decanter,  make  a  round  hole, 
about  an  inch  diameter,  in  a  piece  of  brown  paper,  paste  it 
on  one  side  of  the  bod^  of  the  decanter ;  and  naving  filled  it 
with  water,  hold  the  covered  side  to  the  sun,  that  the  perpen- 
dicular rays  may  pass  through  the  middle  of  the  water,  and 
the  emergent  rays  will  be  collected  to  a  focus,  whose  nearest 
distance  from  the  decanter  will  be  nearly  equal  to  the  radius 
pf  the  body  of  it,  as  will  appear  by  receiving  the  ra^'s  upon 
a  paper  held  at  that  distance.  That  this  efl^ect  is  owing  to 
the  water  and  not  to  the  glass,  may  be  proved  by  emptying 
the  decanter;  for  the  light  that  then  passes  through  the  hole, 
will  be  as  broad  as  the  hole  itself,  at  all  (he  distances  of  the 

EpcT  from  the  decanter,  a  circumstance  of  which  we  might  also 
assured,  from  considering  that  the  sides  of  the  empty  decanter 
can  only  act  like  two  meniscus  glasses  placed  at  a  little  dis- 
tance from  each  other.  If  a  solid  globe  or  ball  of  glass,  be 
covered  and  tried  like  the  decanter,  the  distance  of  the  focus 
from  the  nearest  part  of  the  ball,  will  be  one  quarter  of  its 
diameter. 

Parallel  rays,  on  passing  through  a  single  or  double  con- 
cave lens,  immediately  diverge;  tence  the  term  focus  can* 
not  be  applied  to  a  concave  lens,  in  the  same  sense  as  to 
a  convex  lens.  A  concave  lens  has  onhr  what  is  termed 
a  xartuol  focu^^  the  distance  of  which  from  its  surface,  is 
the  same  as  that  of  a  convex  lens  of  equal  radius,   but  it 
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i§  bdare  \he  gbs*,  bccaoie  it  dmoics  Ifai  punl  fima  which 
the  imyf,  aArr  thrir  bit  n^raciioB,  appear  to  divcnse.  Ta 
find  the  focal  diKance  of  a  coacave  leas,  ki  the  leas  be 
eatered  vilh  a  wet  of  paper,  cootaiaia^  two  saaU  ciiadar 
holei ;  and  am  the  paper  for  recetTia^  the  li^ht,  dracribe  aba 
two  MDall  cifdn,  but  with  their  cratiei  twice  at  far  apart  ai 
the  cratrei  of  the  ctrcolar  holes.  More  the  paper  backwank 
aad  ferwanft,  till  the  maddle  of  the  soa^s  li|?ht,  caoauag  thioagh 
the  holoy  &lb  exactlj  oa  the  miJdle  of  the  circica,  aad  tha 
dislaoee  of  the  paper  from  the  lens  will  then  be  tha  focal 
length  reqnired. 

To  fiml  the  reitex  m  ceatie  of  a  lens,  hold  it  at  so«e  di^ 
lance  from  the  cje,  and  observe  the  two  reflected  taiagm  of 
a  candle  made  bjr  the  two  saiiaces.  Move  the  leas  till  them 
images  coincide,  and  the  point  of  coincidence  is  the  rerfeZ) 
which,  if  in  the  middle  of  the  snriace,  tbe  glaif  ja  |n4f 
centred. 

To  nnderitand  the  eflfect  of  the  multipljin^  glav,  No.  7% 
fig.  18,  pL  II,  it  b  only  neoesmry  again  to  revert  to  thegenoal 
principle,  that  objects  appear  in  the  direction  of  the  line  Ia4 
de»cribed  by  the  rays  that  render  them  Tisible.  Hence,  if  the 
object  B,  fig.  1,  pi.  Ill,  b  seen  tbroogh  the  glass  EH,  by  the 
my  BA,  that  paMes  through  the  surface  FG,  the  object,  by  the 
eye  at  A,  will  be  seen  atB;  the  Ay  B6  passes  fhroagb  the 
iurface  GH^  and  when  it  b  refracted,  comeg  to  thfe  eye  ia 
the  direction  AD,  as  if  it  proceeded  from  D,  and  thete^Ne  the 
object  appears  at  D;  and  for  the  same  reasoa,  Ihrongh  the 
surface  FE,  it  appears  atC^  consequently,  these  iriflbethe 
appearance  of  as  many  objeds  as  there  are  flat  sarfiiccs  on  tha 
glass,  for  each  of  them  shows  the  same  object  in  adiflmnt  place. 

To  become  familiar  with  the  laws  of  refraetion,  and  the 
properties  of  lenses,  the  student  should  make  esperiments 
witn  lenses  of  different  foci,  diameten,  and  coloois.  The 
room  should  be  darkened,  and  the  sun^s  rays  admitted  thaoo|[h 
an  aperture  cut. in  the  shutter,  or  through  a  tube  placed  m 
the  shutter,  and  moveable  in  any  direction.  The  lenses  shoold 
be  fitted  into  cells,  connected  with  a  sliding  board,  or  adapted 
to  convenient  frames.  By  these  means,  the  lenses  may  be 
combined  in  any  way  required.  It  would  be  propter,  also,  to^ 
)tave  lenses  ground  to  the  figure  of  a  meniscus  or  watch*gkiss, 
and  fitted  up  so  that  two  or  mote  of  them  might  be  connected 
in  one  fmme,  with  a  view  to  include  fluids  between  them,  and 
thus  exemplify  the  refractive  powers  of  fluid  lenses.  The  dust 
itftually  in  motioui  will,  in  tne  darkened  room,  give  the  viri- 
ons and  natural  fignres  of  the  converging  aad  diverging  pendb 
of  royn. 


OPTICS.  43 1 

RedcctioM  the  effect  of  repukioo. 


Of  the  RefexMStj/  of  JUghi. 

The  disposition  or  capability  of  the  rays  of  iighl  to  be 
turned  beek  into  the  medium  from  wheDoe  they  came,  is  called 
their  rtfirxibUify:  the  change  of  direction  pvoduced  by  their 
being  actually  turned  back,  is  called  re/lection. 

The  property  vhich  bodies  possess  of  reflecting  light,  it 
attributeci  by  Sir  Isaac  Newton  to  the  principle  of  repulsion. 
In  confirmation  of  this  theory,  it  is  justly  remarked  oy  him, 
that  tbose  surfaces,  which  to  our  senses  appear  smooth  and 
polished,  are  found,  when  viewed  through  a  microscope,  ta 
abound  with  ineaualities ;  If,  therefore,  the  power  whicn  pro^ 
duces  reflection,  aid  not  act  at  some  distance  from  the  reflecting 
surface,  these  inequalities  would  prevent  the  rays  from  beings 
reflected  with  so  much  regularity  as  we  find  they  are.  Other 
theories  have  been  proposed,  to  account  for  reflection,  but 
none  of  them  appears  more  probable  in  itself,  or  so  reconcileable 
with  the  facts  connected  with  this  property  of  light.  Bat 
however  well  founded  the  opinion,  that  light  is  reflected  by 
the  power  of  repulsion,  and  consequently  before  it  comes  into 
absolute  contact  with  the  reflecting  surface ;  it  will  not  be  neces^ 
sary  to  introduce  the  circumlocution  required  to  express  this 
idea,  in  treating  of  the  general  phenomena;  the  incident  rays 
will  always  be  spoken  of  as  actually  impinging  on  the  reflect- 
ing body,  from  which  they  rribound,  as  a  perfectly  ehstic  baA 
wouM  rebound  from  a  marble  slab. 

All  objects  which  are  not  themselves  luminous,  are  rendered 
visible  bv  reflection.  Even  glass,  crvstal,  water,  and  the 
most  pellucid  media,  reflect  a  part  of  the  rays  of  light  which 
iall  on  them,  or  their  forms  and  substance  could  not  be  dis- 
tfaiguisbed ;  on  the  contrary,  the  whole  of  the  incident  tight 
is  not  reflected  from  anv  surftce,  however  bright,  smooth  and 
eoake.  It  is  calculatecl  that  the  best  mirrois  reflect  little  more 
than  half  the  light  they  receive. 

From  the  account  we  have  giiren  of  irAuctbn  and  other 
properties  of  light,  the  student  is  already  fully  apprised,  thai 
It  IS  the  rays  emanating  from  any  given  point^  which  as« 
sure  our  sight  of  the  existence  of  a  body  at  that  poittt} 
and  that,  as  in  the  instance  oi  a  fish  in  the  water,  if  the 
direction  of  the  m^s  be  changed  in  any  manuer,  the  sense  of 
sight,  always  leferrmff  the  place  of  an  object  to  the  point  in 
i&  direction  of  the  bst  course  of  the  lavs,  is  ensOy  deceived, 
and  will  suppose  an  object  to  be  where  it  is  not«  This  it  will  be 
necessary  to  bear  constantly  in  mind  while  we  pursue  onr  pre* 
sent  subject;  for  in  connexion  with  another  hwof  nMvre,  if 
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fonns  tbe  key  by  nvbich  all  the  phenomena  of  reflection  are 
explained.  The  other  lav  to  "which  we  allude,  is,  that  the  angle 
of  refiedim  is  dwat/s  equal  to  the  angle  of  incidence.  In  fig. 
o,  pi..  I9  adiABn  iiiciclent  ray,  falling  upon  the  surface  e/, 
from  which  it  is  refleded  in  the  direction  db;  hence  the  angle 
of  incidence,  adc^  is  exactly  equal  to  the  angle  of  reflection 
bdc^  for  on  either  side  of  the  perpendicular  cd^  the  obliquity 
of  the  ray  is  the  same,  and  consequently  when  the  reflecting 
surface  is  a  plane,  the  obliquity  of  the  line  of  incidence  and 
reflection  are  also  equal,  when  measured  from  it.  It  is  only 
the  jrays  which  fall  obliquely  upon  a  reflecting  surface,  that 
are  reflected  in  an  angle  to  their  direction  of  incidence ;  those 
rays  which  fall  perpendicularly,  return  in  precisely  the  same 
direction. 

To  pursue  the  consequences  deducible  from  these  principles, 
or  their  application  to  particular  eflTects,  will  soon  show  how 
much  depends  upon  them.  Lei  NO,  fig.  S,  pi.  Ill,  be  con- 
sidered as  a  ray  of  light  striking  perpendicularly  on  the  surface 
of  the  mirror  AB,  and  it  is  reflected  back  in  the  same  line. 
The  ray  DO,  coming  from  the  luminous  body  D,  strikes  the 
min<»  obliqudy,  and  is  reflected  to  the  eye  in  the.Une  0£,  thus 
making  the  angle  of  reflection,  NOE,  equal  to  the  angle  of 
incidence  DON,  and  the  object  is  seen  at  S,  in  the  direction  of 
the  reflected  ray.  To  be  a  little  more  explicit,  with  regard  to 
the  last  particular,  it  roust  be  recollected,  that  an  object  is 
rendered  visible,  not  by  single  rays  proceeding  from  every 

S^int  of  its  surfiice,  but  by  pencils  of  rays,  or  collections  of 
vergent  rays  issuing  from  every  point  These  pencils  of  raya 
are  aiterw arcs,  by  the  refractive  powers  of  the  eye,  conveiged 
again  to  points  upon  the  bottom  of  the  eye*  or  retina,  and 
these  points  of  convergent  rays  in  the  eye,  are  correspondent 
to  i\i6  points  of  the  objects,  from  which  the  rays  diverged. 
Hence,  as  the  pencils  of  rays  strike  the  mirror  while  they  are  in 
their  divergent  state,  from  the  equality  of  the  angles  of  incidence 
and  ruction,  they  are  reflected  in  the  same  state,  and  con* 
Yerge  exactly  as  they  would  have  done  if  they  had  not  been 
interl:epted  by  the  mirror,  birt  bad  gone  on  to  G,  a  distance 
equal  to  the  incident  and  reflected  course  taken  togetb«r.  In 
eonseauence  of  this  identity  in  the  convergence  of  the  rays, 
and  tae  general  rule  that  the  place  we  assign  to  objects  is 
io  the  last  direction  of  the  rays,  toe  two  lines,  namely  that  from 
the  object  to  the. mirror,  and  that  from  the  mirror  to  the  eye, 
are  united  in  the  mind  of  the  spectator,  and  the  object  is  come- 
quently  seen  at  S,  jusi  as  frur  behind  the  mirror  as  the  object  is 
before  it.     Another  ^gure  will,   perhapS|    render  this  more 
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evident :  the  lines  DC,  fig.  3,  pi.  Ill,  are  the  lines  of  inci- 
dence, CB  are  the  lines  of  reflection,  and  these  form  equal 
angles  on  the  surface  of  the  mirror,  so  that  all  the  rajs  coming 
from  the  object)  and  tailing  upon  the  mirror  at  C,  will  strike 
the  eye  at  B,  and  the  reflected  image  ^Hl  thus  become  visible. 
Now  no  object  can  be  seen  but  what  appears  to  be  in  a  straight 
line  from  the  eye,  and  as  no  alteration  is  made  in  the  relative 
position  of  the  rays,  but  only  in  their  direction,  the  body  DO, 
when  it  comes  reflected  to  the  eye,  will  appear  to  be  at  AA, 
because  rays  from  thence  would,  at  the  mirror,  exactly  coincide 
with  the  rays  DC,  DC,  and  would,  by  the  time  they  arrived  at 
BB,  be  converged  to  an  equal  focus. 

Hence  we  shall  not  find  it  difficult  to  understand  why  a  man 
may  see  his  whole  figure  in  a  plane  looking-glass  only  half  as 
long  and  half  as  broad  as  himself;  for  the  image  is  seen  under 
an  angle  as  large  as  the  life;  the  mirror  is  exactly  half  way 
between  the  image  and  the  eye,  and  therefore  the  divergent 
rays  by  which  the  image  is  seen,  only  cover  at  the  glass,  a 
space  equal  to  half  the  size  of  the  man  himself. 

When  light  is  reflected  from  convex  or  concave  mirrors,  it 
obeys  precisely  the  same  law  as  from  plane  mirrors,  however 
extraordinary  the  eflects  they  produce  may  at  first  sight  ap|)ear. 
To  understand  the  manner  in  which  they  act,  it  will  be  proper 
to  recur  to  an  observation  formerly  made  respecting  spherical 
surfaces:  all  curves  or  arches  are  to  be  considered  as  com* 
posed  of  a  multitude  of  infinitely  short  lines  or  points,  lying 
obliquely  to  one  another.  I'arallel  rays,  therefore,  (all  upon 
them  more  or  less  obliquely  at  every  point  of  incidence  exce|)t 
(he  centre.  This  part  of  the  subject  may  perhaps  be  best  eluci- 
dated, if  we  consider,  in  the  first  place,  tne  direction  given  to 
rays  which  fall  upon  two  plane  mirrors  inclined  to  each  other 
in  opposite  directions.  Tiins  in  fig.  4,  pi.  Ill,  the  rays  AB, 
CD,  which  would  fall  perpendicularly  on  a  flat  surface  in  the 
direction  IK,  strike  obliquely  upon  that  which  is  opposed  to 
them,  and  instead  of  being  reflected  parallel,  are  reflected  diver- 
gently. For  the  same  reason,  convergent  rays  would  be 
reflected  with  less  convergence  by  such  a  surface  as  this,  and 
divergent  rays  would  be  rendered  still  more  divergent  towards 
£  and  If. 

Fig.  5,  which  is  the  reverse  of  the  preceding,  will  serve  to 
show  us  the  nati\re  of  reflection  from  concave  surfaces.  Here 
the  parallel  rays  AB,  CDj  which  would  have  been  reflected 

Cirallel  by  aplane  mirror,  are  made  to  converge,  and  meet  at 
,  because,  instead  of  striking  this  mirror  in  a  direct  line,  they 
strike  it  obliquely,    and    thmfore  convergent    rays    will    be 
No.  19.  K 
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reflected  with  greater  conymgeoct^  wad  ditergoit  rtys  will  ImTC 
tfieir  divergency  lessened. 

As  a  con  Tex  Tnirror  diminisbes  the  oonTcrgency  of  the  rert 
which  fall  npon  it,  the  eftci  it  produces  is,  to  diminish  the 
apparent  size  of  objects;  because  the  Tisnal  angle  is  diminished. 


that  is,  there  b  not  so  large  a  picture  formed  in  the  eje,  as 
when  the  object  itself  is  seen  without  the  mirror.  Bat  a  con* 
cave  mirror,  on  the  contrary,  enlarges  the  visoal  angle,  or 
picture  of  an  object  on  the  eye,  and  consequently  its  eflix^ts  are 
the  reverse  of  the  former*  Reflection,  then,  nom  a  cwraer 
mirror,  corresponds  to  refraction  through  a  concave  lens ;  and 
upon  the  same  principle,  reflection  from  a  concave  sui&ce 
corresponds  to  retraction  through  a  convex  leas. 

More  particularly  to  exempli^  this  theoiy,  let  AB,  fi^.  6, 

^ III,  represent  a  dart,  which  is  seen  in  the  convex  mirror 
•  Though  rays  issue  from  the  object  AB  in  all  directions, 
yet  it  is  seen  onlv  by  means  of  those  which  are  included  within 
the  space  ON,  because  no  other  can  be  reflected  to  the  eye  at 
R.  If  the  rays  had  gone  forward  in  their  original  direction, 
they  would  have  uoitra  at  P,  and  the  object  would  have  been 
seen  of  its  full  size ;  but  as,  from  the  nature  of  a  convex  curve, 
the  angle  of  reflection  cannot  be  equal  to  the  angle  of  incidence 
without  diminbhiiij^  their  convergence,  the  angle  SRT  is  less 
than  the  angle  APB,  and  the  image  at  L  appears  smaHer  than 
the  object,  and  nearer  to  the  surface  of  the  mirror.  The  reason 
of  this  last  efliect  has  been  already  explained,  when  it  was 
observed,  that  objects  are  rendered  visible,  not  by  a  single  ray, 
but  by  pencils  of  divergent  rays  proceeding  from  every  point  of 
them ;  and  that  the  eye  transfers  the  place  of  the  ooject  to 
the  place  where  these  pencils  of  rays  unite  in  points.  Suppose, 
then  a  radiant  point  G,  fig.  7,  sends  forth  a  pencil  of  ditergent 
rays  which  falls  on  the  convex  mirror  AB ;  the  rays  of  this 
pencil  will  diverge  still  more  after  reflection,  and  therefore  tbc^ 
will  appear  to  come  from  a  point  nearer  the  eye  than  if  their 
divergency  had  not  suflfered  any  change. 

For  these  reasons,  a  person  looking  at  his  face  in  a  convex 
mirror,  will  see  it  diminished.  This  is  shown  by4ig.  8,  pi. 
Ill ;  though  rays  proceed  from  every  part  of  the  face,  it  is 
only  the  ravs  that  fitU  on  the  mirror  between  C  and  R,  that  cao 
be  reflcctecf  to  the  eye ;  the  rays  CR  being  dierefbre  lendeied 
less  convergent,  he  will  see  his  chin  along  the  line  OB,  and  the 
forehead  atone  the  line  ON ;  the  ai^e  of  vision  being  thus 
reduced,  all  tne  rest  of  the  features  ivill  be  proportionaidy 
reduced. 

When  large  objects  are  seen  in  a  convex  mirror,  they  not 
only  appear,  acooiding  to  its  curvutore,  smaller  than  they  really 
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are,  but  Bomewbat  distorted.  The  reason  of  this  19,  that  the 
different  points  of  the  object  are  not  at  an  equal  distance  from 
the  mirror,  and  consequentij  thej  are  reflected  to  the  eje  tender 
different  angles.  Glass  globes,  lined,  like  looking^^glasscs,  with 
an  amalgam  that  converts  them  into  mirrors,  are  sometimes 
suspended  in  apartments  as  an  ornamental  piece  of  furniture* 
In  these,  the  company  seated  in  a  room,  or  round  a  table,  ar^ 
represented  by  very  minute  images,  which  appear  very  near 
their  surface,  and  are  always,  though  beautiful,  in  some  degree 
distorted.  Latterly,  convex  mirrors,  fitted  in  a  frame,  have 
almost  superseded  the  globes,  over  which  they  have  several 
advantages :  they  can  be  placed  against  a  wall  as  conveniently 
as  a  picture ;  they  can  be  made  the  segment  of  a  larger  sphere 
than  it  would  be  convenient  to  have  entire ;  and  in  particular, 
they  can  be  ground  to  a  regular  figure,  whereas  the  globes  are 
only  blown  glass,  and  therefore  can  never  be  true. 

The  effe&  of  concave  mirrors  may  be  gathered  from  the 
consideiations  already  premiMd ;  but  though  it  may  introduce 
some  repetition,  it  will  be  proper  to  consider  them  separately. 
Their  general  effect  is  to  render  convergent  rays  more  conver* 
gent,  and  consequently  they  have  the  power  of  magnifying. 
By  ng«  9,  pL  III,  is  represented  a  face  looking  at  Uself  in  the 
fiOBcave  mirror  IK,  and  the  extreme  of  those  rays  which  can 
be  reflected  to  the  eye  are  exhibited,  one  from  the  forehead, 
and  one  from  the  chin.  These  lines,  a  c  and  m  n^  are  reflected 
to  the  eye  at  O,  which  sees  the  image  in  the  line  of  reflection, 
and  in  the  angle  DOQ,  and  therefore  evidently  magnified, 
and  at  a  small  distance  behind  the  mirror. 

The  magnifying  effect  of  a  concave  mirror,  is,  however,  only 
perceived,  when  the  obiect  is  nearer  to  it  than  its  centre  of  con- 
cavity, or  centre  of  the  sphere  to  which  the  curve  of  the 
mirror  belongs.  AVhen  we  come  to  the  description  of  the 
telescope,  the  reader  will  better  understand  how  the  image  is 
formea  by  the  large  concave  mirror  of  that  instrument,  if  we  nere 
refer  to  another  diagram.  I^et  A  c  B,  fig.  10,  pi.  Ill,  be  the 
reflecting  surface  of  a  mirror,  whose  centre  of  concavity  is  at 
C ;  and  let  the  nprigfat  object  DE,  be  placed  beyond  the  centre 
C,  and  aoid  out  a  conical  pencil  ot  divergent  rays  from  iU 
opper  extremity  D,  to  every  point  of  the  concave  surface  of 
tM  mirror,  A  c  B.  But  to  avoid  confusion,  we  only  draw 
three  rays  of  that  pencil,  as  DA,  Dc,  DB.  From  the  centre  of 
concavity,  C,  draw  the  three  right  lines,  CA,  Cc,  GB,  touching 
the  mirror  in  the  same  points  as  the  three  rays  of  the  pencu 
from  D,  and  aU  tiusae  lines  will  be  perpendicular  to  the  surface 
mi  the  minor.    Make  the  angle  CAd^  eqaal  to  the  angle  DAC, 
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and  draw  the  right  line  Atf,  for  the  course  of  the  reflected  raj 
DA  :  make  the  angle  Ccd^  equal  to  the  angle  D  e  C,  and  draw 
the  right  line  cd^  for  the  course  of  the  reflected,  ray  Dc;  make 
atso  the  angle  CB^,  equal  to  the  angle  DBC,  and  draw  the 
right  line  B^,  for  ths  course  of  the  reflected  ray  DB.  All  these 
reflected  rajs  will  meet  in  the  point  dy  where  thej  will  form  the 
extremitj,  dj  of  the  inverted  image,  e  dj  similar  to  the  extre* 
mit  J,  Dy  of  the  upright  object  DE.  If  the  pencil  of  rajs, 
E/,  Eg*,  EA,  be  also  continued  to  the  mirror,  and  their 
angles  of  reflection  from  it  be  made  equal  to  their  angles  of 
incidence  upon  it,  as  in  the  former  pencil  from  D,  thej  will 
meet  at  the  point  e,  bj  reflection,  and  form  the  extremity  i*,  of 
the  image,  e  if,  similar  to  the  extremity,  E,  of  the  object,  DE. 
As  each  intermediate  point  of  the  object  between  D  and  E,  sends 
out  a  pencil  of  rays  in  like  manner  to  every  part  of  the  mirror, 
the  rays  of  each  pencil  will  be  reflected  back  from  it,  and  meet 
in  all  the  intermediate  points  between  the  extremities,  e  and  d^ 
of  the  image;  and  hence  the  whole  imag^will  not  be  at  t,  that 
is,  at  half  the  distance  of  the  mirror  from  its  centre  of  conca- 
vity C,  but  at  a  greater  distance  between  t  and  the  object  DE; 
and  the  imaee  will  be  inverted  with  respect  to  the  object.  Thus 
it  is,  that  when  the  object  is  more  remote  from  the  mirror  than 
its  centre  of  concavity  C,  the  image  appears  less  than  the 
object,  and  between  the  object  and  the  mirror;  contrary  to  what 
IS  observed  when  the  object  is  nearer  than  the  centre  of  conca- 
vity, as  in  the  example  of  the  face  looking  at  itself,  fig.  9,  pi. 
III.  If  DE,  fig.  10,  be  the  object,  erf  will  be  its  image;  tor 
as  the  object  recedes  from  the  mirror,  the  image  approaches 
nearer  to  it,  and  as  the  object  approaches  nearer  to  the 
mirror,  the  image  recedes  further  from  it,  on  acconnt 
of  the  less  or  greater  divergency  of  the  pencils  of  mys 
which  proceed  from  the  object ;  for  the  less  tfiey  diverge,  tne 
sooner  they  are  converged  to  points  by  reflection;  and  the 
reverse  necessarily  follows,  that  the  more  they  diverge,  the 
\  further  they  must  be  reflected  l>efore  they  meet.     If  the  radius 

of  the  mirror^  concavity,  and  the  distance  of  the  object  be 
known,  the  distance  of  the  image  from  the  mirror  is  found  by 
this  rules  Divide  the  product  of  the  distance  and  radios  by 
double  the  distance  made  less  bj  the  radius,  and  the  quotient  u 
the  distance  required.  If  the  object  be  in  the  centre  of  the 
minor's  concavity,  the  image  and  object  will  be  coincident, 
and  equal  in  bulk. 

If  a  man  place  himself  directly  before  a  large  concave 
mirror,  but  further  from  it  than  its  centre  of  concavity,  he 
will  see  an  inverted  image  of  himself  in  the  air,  between  hka 
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and  the  mirror,  of  a  less  size  than  himself.  If  he  hold  oat  his 
hand  towards  the  mirror,  the  hand  of  the  imaij^  will  come  out 
towards  his  hand,  and  coincide  with  it,  of  an  equal  bulk  when 
his  hand  is  in  the  centre  of  concavity ;  and  he  will  imagine  he 
may  shake  hands  with  his  image.  If  he  reach  his  hand  Airther, 
the  hand  of  the  image  will  pass  by  his  hand,  and  'come  between 
it  and  his  body ;  ancl  if  he  move  his  hand  towards  either  side, 
the  hand  of  the  ima^  will  move  towards  the  other;  so  that 
whatever  way  the  object  moves,  the  image  will  move  the  con* 
trary  way.  A  by-stander  will  see  nothing  of  the  image, 
because  none  of  the  reflected  rays  that  form  it  enter  his  eyes. 

From  this  remarkable  property  of  a  concave  mirror  to  form 
an  image  in  the  air,  mirrors  of  this  sort  are  used  to  produce  a 
variety  of  singular  appearances,  to  amuse  the  curious,  or  to 
impose  upon  the  ignorant  and  superstitious.  To  a  few  we  shall 
give  a  place.  If  a  fire  be  made  in  a  large  room,  and  a  smooth 
mahoganv  table  be  placed  at  a  considerable  distance  near  the 
wall,  before  a  large  concave  mirror,  so  situated  that  the  light  of 
the  fire  may  be  reflected  from  the  mirror  to  its  focus  upon  the 
table;  if  a  person  stand  by  the  table,  he  will  see  nothing  upon 
it  but  a  longish  beam  of  liglit;  but  if  he  stand  at  a  distance 
towards  the  fire,  not  directly  between  the  fire  and  the  mirror, 
he  will  see  an  image  of  the  fire  upon  the  table,  large  and  erect. 
If  another  person,  who  knows  nothing  of  the  experiment 
beforelmnd,  should  chance  to  come  into  the  room,  and  should 
look  from  the  fire  towards  the  table,  he  would  be  startled  at  the 
appearance;  ibr  the  table  would  seem  to  be  on  fire.  In  this 
experiment,  there  should  be  no  light  in  the  room,  but  what 
moceed«  from  the  fire;  and  the  mirror  ought  to  be  at  least 
nfleen  inches  in  diameter. 

if  the  fire  used  in  the  last  experiment  be  extinguished  or. 
covered  by  a  screen,  and  a  large  candle  be  placed  in  a  similat 
position,  a  person  standing  by  the  candle  will  see  the  appear* 
ance  of  a  star,  or  rather  planet,  upon  the  table,  as  brilliant  as 
Venus  or  Jupiter  in  a  cloudless  sky.  Jf  a  slender  wax  taper 
be  placed  near  the  candle,  a  satellite  to  the  planet  will  appear 
on  the  table;  and  if  the  taper  be  moved  round  the  candle,  the 
mimic  satellite  will  go  round  the  phinet. 

Another  experiment  is  the  following:  take  a  glass  bottle^ 
partly  fill  it  with  water,  and  cork  it  in  the  common  manner; 
place  this  bottle  opposite  a  concave  minor,  and  beyond  its 
centre  of  concavity,  that  it  may  appear  reversed ;  let  the 
spectator  retire  to  a  still  greater  distance  than  the  bottle,  which 
be  will  then  see  in  the  air  inverted,  and  the  water  which  is 
Udoally  in  the  lower  part  of  the  bottle,  wiU  in  the  iouiga 
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appear  vppermort.  Inyert  the  bottle  whilst  before  the  mirror^ 
and  in  the  image  the  water  will  appear  in  the  lower  part  of  the 
bettles  when  it  is  in  this  inverted  state,  uncork  the  bottle,  and 
whilst  the  water  is  runnine  out,  the  image  will  appear  to  bt 
filling;  but  as  soon  as  the  oottle  is  empty,  the  illusion  ceases. 

Ab  the  image  fonn^  by  a  concave  mirror  may  be  thrown 
throuffh  a  hole  into  an  adjoining  room,  where  a  s|)ectator  will 
in  cenain  situations  perceive  the  image  of  any  object  the  con* 
cealed  manager  may  chuse,  it  is  evident  how  much  the  credulous 
may  be  imposed  upon.  Birds,  angels,  &c.  may  be  represented 
flying,  and  may  be  instantly  changed  for  other  objecU,  A 
nosegay  may  be  shown,  and  when  the  beholder  attempts  to 
grasp  it,  adag|[er,  with  all  the  appearance  of  reality,  may 
be  presented  to  his  breast,  or  a  death  s  head  snap  at  his  hand. 

To  find  the  focal  distance  of  a  convex  mirror  or  speculum, 
cover  it  with  paper  containing  two  pin  holes,  one  near  each 
edge  of  the  mirror ;  expose  it  to  the  sun,  holding  another  paper 
before  it  that  has  a  hole  large  enough  to  let  the  solar  rays  pass 
through  to  the  two  pin  holes.  Two  white  spots  of  reflected 
light  will  be  observed  on  each  side  of  the  hole ;  move  the  paper 
backwards  and  forwards,  till  the  distance  of  the  spots  be  twice 
the  distance  of  the  holes  in  the  cover ;  and  that  distance  of  the 
paper  from  the  mirror  is  its  focus. 

To  find  the  focal  distance  of  a  concave  speculum,  place  k 
so  that  its  axis  may  be  directed  to  the  centre  of  the  sun.  Find 
the  burainff  point,  or  receive  the  image  upon  a  white  piece  of 
paper,  and  tne  distanee  thus  found  bSween  the  paper  and  the 
centre  of  the  speculum,  is  the  focal  length.  ()r,  cover  the 
minor  with  paper,  in  which  make  two  or  more  holes,  aad 
observe  where  tne  beams  of  light,  reflected  from  these  bolesy 
unite,  and  this  will  be  the  fooal  distance.  Or,  lastly,  place 
the  speculum  at  the  end  of  a  long  table,  in  a  vertical  positioB ; 
place  a  candle  at  the  opposite  end  of  the  table,  so  that  its  flame 
may  be  opposite  to  the  axis  of  the  speculum ;  then  take  a  piece 
of  white  paper*  and  having  fixed  it  to  a  stick,  place  the  stick 
in  the  socket  of  a  candlestick,  so  that  the  paper  may  be  sup- 
ported at  about  the  same  height  with  the  candle;  then  move 
the  paper  or  the  candle  forwards  or  backwards,  till  the  image 
of  tne  candle  on  the  paper^  is  exactly  over  the  candle  itself,  and 
the  point  of  ootncidence  b  the  centre  of  the  apeoulum. 

For  purposes  of  amusement,  mirrois  aie  fieqnesitly  made 
in  the  form  of  entire  or  half  cylinders  or  oones.  These  are 
called  mixed  minors,  as  they  produce  at  the  saose  hsstant,  the 
cffeda  of  plain  and  spherical  minom.  The  propeitiea  of  cyliup 
drical  nuRois  aie,  1.  The  dimmsinns  of  ohgeda  conespoMUBg 
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lengthwise  to  the  mirror,  are  not  much  changed ;  but  thoae 
corresponding  breadthwise  have  their  figures  altered,  and  their 
dimensions  lessened,  the  further  they  aie  from  the  mirror, 
whence  arises  a  very  great  distortion.  S.  If  the  plane  of  the 
reflection  cut  the  cylindrical  mirror  through  the  axis^  the 
reflection  is  performed  in  the  same  manner  as  in  a  pfaine  mirror  | 
and  if  parallel  to  the  base,  the  reflection  is  the  same  as  in  a 
spherical  mirror ;  if  it  cut  it  oUiquely,  the  reflection  is  the  same 
as  in  an  elliptic  mirror.  Hence  as  the  plane  of  reflection  never 
fiasws  through  the  axis  of  the  mirror,  except  when  the  eye  and 
the  object  are  in  the  same  ph&ne;  nor  parallel  to  the  base, 
except  when  the  radiant  pomt  and  the  eye  are  at  the  same 
height;  the  reflection  is  tnerefore  usually  the  same  as  in  an 
elliptic  one.  3.  If  a  hollow  cylindric  mirror  be  directly  opposed 
to  the  sun,  instead  of  a  focus  of  a  point,  the  rays  will  be 
reflected  into  a  lucid  line  parallel  to  its  axu,  at  the  distance 
of  about  one*fourth  of  its  diameter. 

Conical  mirrors  produce  a  still  more  extraordinary  distor* 
tion  of  the  figures  seen  in  them  than  cylindrical  ones,  from  the 
breadth  of  the  image  being  gradually  reduced  as  it  approaches 
the  apex,  where  it  becomes  a  mere  point.  The  enect  of  a 
cylindriad  mirror  in  diminbhing  the  breadth  of  objects  facinff  it, 
being  the  same  as  that  of  a  convex  mirror  of  the  same  reduns, 
and  tne  eflect  of  the  conical  mirror,  at  any  given  height,  being 
it^ulated  by  the  same  principle,  it  becomes  easy  to  draw  ana* 
morphoses  for  a  cylindrical  or  conical  minor  of  any  sise.  The 
pictures  called  by  this  name,  and  which  are  sold  with  mixed 
mirrora  by  the  opticians,  appear  excessively  wild  and  deformed 
lo  look  at,  but  when  placed  before  the  mixed  mirror  for  which 
they  are  intended,  their  images  are  weU  proportioned  and 
beautiful. 

Of  the  &gert9A  RefraHgaMv  of  the  Rm$  of  Lif;h(. 

The  dtflerent  refirangibility  of  the  rays  of  light,  which  we  have 
now  to  consider,  is  demonstrated  by  means  of  the  prism,  a  term 
which  opticiims  use  to  denote  a  solid  piece  of  glass,  of  any 
length  at  pleasure,  but  of  a  wedgelike  or  triangular  form.  As 
any  section  of  a  prism,  passing  through  its  axis,  is  a  triangle,  it 
is  always  represented  by  a  trianele,  which  may  be  oonsidered 
as  showing  correctly  one  of  its  ends,  see  fie.  18,  No.  8,  pK  II. 

If  a  Imim  of  light  from  the  sun  be  let  into  a  darkened  room, 
and  be  received  upon  a  white  screen  or  opposite  wall,  it  will 
fiora  a  circular  image,  and  will  be  of  one  uniform  whiteness. 
If  a  prism  be  interposed,  so  that  the  light  must  pass  through  it 
before  it  reaches  the  wall,  the  image  is  no  longer  cireular  and 


440  opncs. 

Prinmic  disseclMi  of  MgM. 

no  longer  irkite.  It  aBsomes  an  oblong  sli^K,  teiminated  bj 
semi-circular  arcbcs,  and  exhibits  seven  difleienl  colours. 
This  oblong  image  is  called  the  spectnun,  and  from  its  being 
produced  by  the  prism,  the  prismatic  spectnun*  In  the  ooa^ 
pass  of  philosophical  experiment,  a  more  bomtiful  appeaiance 
cannot  be  presented  lo  the  eje ;  and  its  instmctiire  nature  will  ap» 
pear  not  less  extiaoidinaiy  than  its  beauty,  when  it  is  considered 
that  the  investigation  of  the  cause  of  it,  led  Sir  Isaac  Mewton 
to  form  the  first  rational  theoiy  of  the  cause  of  coloors.  The 
manner  in  which  this  illustrious  philosopher  tried  the  experiment 
of  the  spectrum,  is  described  by  himself  in  the  following  WMds, 
which  remain  to  this  (lay,  perhaps,  the  most  snitable  introdoo- 
tioo  to  this  subject: 

<^  In  a  yery  dark  chamber,  ata  round  bole,  F^  fig.  1«  pL  tVf 
about  one-third  of  an  inch  bioad,  made  in  the  shutter  of  a 
window,  I  placed  a  glass  prism,  ABC,  whereby  the  beam  of  the 
sun's  light,  SF,  which  came  in  at  that  hole,  might  be  refacted 
upwards,  toward  the  opposite  wall  of  the  chamber,  and  there 
form  a  coloured  image  oif  the  sun,  represented  at  PT.  The  axis 
of  the  prism  (that  is,  the  line  passing  through  the  middle  of  the 
prism,  from  one  end  of  it  to  the  other  end,  parallel  to  the  edge 
of  the  refracting  angle)  was  in  this  and  the  foUowii^  experimenlu 
perpendicular  to  the  incident  rays.  About  this  axis  I  tumea 
the  prism  slowly,  and  saw  the  refracted  light  on  the  wall,  or 
coloured  image  of  the  sun,  first  to  descend,  and  then  to  ascend- 
Between  the  descent  and  ascent,  when  the  image  seemed  station* 
arr,  I  stopped  the  prism,  and  fixed  it  in  that  posture.  Then 
I  M  the  refracted  light  fiiU  perpendicularly  upon  a  sheet  of 
white  paper,  MN,  |juioed  at  the  opposite  wall  of  the  chamber^ 
and  observed  the  figure  and  dimensions  of  the  solar  image,  PT, 
formed  on  the  paper  by  that  light.  This  image  was  oblong, 
and  not  oval,  but  terminated  by  two  rectilinear  and  parallel 
sides  yid  two  semi-circular  ends.  On  its  sides  it  was  bounded 
pretty  distinctly,  but  on  its  ends  very  confusedly  and  indis- 
tinctly, the  light  there  decaying  and  vanishing  by  degrees. 
At  the  distance  of  18i  feet  from  Uie  prism,  the  breadth  of  the 
image  was  about  2i  inches,  but  its  length  was  about  10|  inches, 
and  the  length  of  its  rectilinear  sides  about  eight  inches;  ano 
ACB,  the  refracting  angle  of  the  prism,  wbmby  so  great  a 
leagth  was  made,  was  64  degrees.  With  a  less  angle,  4bc 
lei^th  of  the  image  was  less,  the  breadth  remaining  the  same. 
It  is  farther  to  be  observed,  that  the  rays  went  on  in  straight 
lines  from  the  prism  to  the  image,  and  therefore,  at  their  gomg 
out  of  the  prism,  had  all  that  inclination  to  one  another  from 
which  the  leagth  of  the  image  {moeeded.    This  iroi^  PT  was 


OPTICS.  441 

Prifantic  dinection  of  light. 

colouffed,  and  the  more  eminent  coloura  lay  in  this  order  from 
the  bottom  at  T  to  the  top  at  P ;  red,  orange,  jellow,  green, 
blue,*'  indigo,  violet,  together  with  all  their  intermediate 
degrees,  in  a  continual  succession,  perpetually  varying.*' 

If  the  spectrum  be  divided  into  100  parts,  the  red  part  of 
it  is  found  to  occnp^  1 1  of  these  parts,  the  orange  8,  the  yellow 
14,  the  green  17,  the  Uoe  17,  the  indigo  11,  and  the  violet  S9. 
The  red  part  of  the  spectrum,  it  will  be  observed,  is  nearest  the 

{>rism,  aad  the  videt  the  furthest  oflP.  It  is  clear,  therefore,  that 
ight  is  not  homogeneous,  because  the  attractive  power  of  the 
prism  has  been  greater  upon  some  parts  of  it  than  upon  other 
parts.  Accordingly,  it  is  univefsaliy  concluded,  that  the  solar 
beam,  or  white  light,  is  composed  of  particles  diSetiug  in  size 
or  dosky ;  that  this  difieience  of  their  sise  or  density,  is  the 
cause  of  their  being  differently  refrangible,  and  that  the  sepa* 
latioD  of  the  rays  of  one  or  more  sizes  from  the  rest,  by  various 
means,  pvoduoes  all  the  diversity  of  colours  which  affect  our 


We  find  the  red  part  of  light  capable  of  struggling  through 
thick  and  resisting  mediums,  wheh  all  the  other  colours  are 
stopt  Thus  the  sun  appears  red  when  seen  through  a  fog; 
the  light  of  distant  lamps  seen  through  the  smoke  of  a  long 
slieet,  appears  red,  whUe  the  li^^ht  of  those  at  hand  is  while. 
Dr.  Haluey's  hand  appeared  red  m  the  water,  when  he  was  in  a 
diving  beU  at  the  bo^m  of  the  sea,  and  red  light  always  makes 
the  strongest  impression  on  the  eye.  These  are  all  proofs,  that 
red  light  consists  of  the  largest  sized  particles,  and  which 
having  the  greatest  momentum,  are  thevefore  the  least  disturbed 
by  the  action  of  a  given  force,  so  that  they  necessarily  take  a 
shorter  ccmrse  than  other  rays  in  passing  through  the  prism. 
The  particles  which  compose  orange  light,  are  next  in  size  and 
refrangibility  to  the  red,  and  so  on  to  the  violet,  which  consists 
of  the  smallest  sized  particles,  and  they  are  therefore  the  most 
turned  out  of  their  course. 

The  seven  colours  of  the  specftmm,  are  called  the  original 
or  primary  colours.  White  is  composed  of  them  all  mixed 
together  in  their  due  proportions;  for  if  a  solar  ray,  separated 
by  the  prism  into  its  component  parts,  be  collected  and  con- 
verged into  a  focus  by  a  lens  or  a  concave  mirror,  a  paper 
^aced  perpendicularly  in  this  point  will  exhibit  a  white  spot. 
The  same  conclusion  may  be  drawn  from  the  experiment  of 
mixing  together  paints  of  the  same  colours  as  the  parts  of  the 
spectrum,  and  in  the  same  proportion;  the  mixture  will  be 
white,  though  not  a  resplendent  whiteness,  because  the  colours 
mixed  are  less  bright  than  the  primary  ones,  and  because  they 
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cannot  be  iniimatelj  blended  without  exercising  a  chemical 
action  on  each  other,  which  in  part  changes  their  propeities* 
When  this  action  is  prevented,  the  result  m  the  experiment  is 
much  more  satisfactory :  the  rimofa  wheel  may  either  be  painted 
or  coyered  with  pieces  of  cloth,  &c.  of  all  theaeven  cokrars,  in 
due  proportion,  and  if  it  be  then  swiAlj  turned  upon  its  axis, 
it  will  appear  to  be  white.  Supposing  the  whed  to  be  divided 
into  360  equal  parts,  the  red  snould  occupy  45  of  these  parts, 
ilie  orans^e  27,  the  yellow  48,  the  green  oO,  the  blue  60,  the 
indi|^  40,  and  tbe  violet  80. 

It  may  be  supposed  that  the  seven  primary  colours  might  be 
reduced  to  three,  viz.  red,  blue,  and  yellow,  because  of  these 
three  all  tbe  rest  might  be  made*  It  is  necessary  therefore  Co 
explain  the  sense  in  which  it  is  understood  that  there  aresevea 
primary  colours.  None  of  the  colours  thus  named  can  be 
changed  by  any  art,  or  whatever  number  of  refractions  or 
reflections  they  undergo.  Let  a  hole  be  made  in  the  paper  or 
screen  receiving  the  prismatic  spectrum,  at  the  place  covered 
by  the  green  rays ;  if  these  rays  be  refracted  through  fifty 
prisms,  and  as  often  reflected  from  mirror  to  mirror,  they  still 
retain  their  greenness :  hence  we  are  compelled  to  consider  the 
green  rays  as  composed  of  simple  homogeneous  particles,  con* 
sequently  one  of  the  primary  cmours,  and  the  same  may  be  said 
of  any  other  colour,  which  might  be  supposed  to  be  compound. 

When  any  coloured  body  is  placed  in  homogeneous  lights 
it  always  appears  of  the  colour  of  the  light  in  which  it  is 
placed,  whatever  may  be  its  natural  hue;  thus,  if  prussian 
blue  and  vermilion  be  placed  in  a  red  light,  both  will  amiear 
red ;  in  a  green  light,  green ;  in  a  blue  light,  blue ;  &c.  It  is, 
however,  to  be  allowed,  that  a  body  appears  brighter  when  in  a 
light  of  its  own  colour  than  in  another,  and  from  this  we  may 
see  that  the  colours  of  natural  bodies  arise  from  an  aptitude  in 
them  to  reflect  some  rays  more  copiously  and  strongly  than 
others.  But  lest  this  phenomenon  should  produce  a  doubl  of 
the  constancy  of  the  primary  colours,  it  is  proper  to  assign  the 
reason  of  it,  which  is  this:  that  when  placed  in  its  own 
coloured  light,  the  lx)dy  reflects  the  rays  of  the  predominant 
colour  more  strongly  than  any  of  those  intermixed  with  it; 
therefore  the  proportion  of  the  rays  of  the  predominant  colour 
to  those  of  the  others,  in  the  reflected  light,  will  be  greater  than 
in  tlie  incident  light;  but  when  the  body  is  placed  in  a  light  of 
a  difierent  colour  from  its  own,  for  a  similar  reason,  the  contrary 
efiect  will  follow,  that  is,  the  proportion  of  the  predominaot 
colour  to  the  others  will  be  less  m  the  reflected  than  in  the 
incident  light ;  and  therefore  as  its  splendour  would  be  greater 
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in  the  former  case,  and  would  be  less  in  the  latter  than  if  all 
the  rays  were  equally  reflected,  the  splendour  of  the  prcdomi-* 
nant  colour  if  ill  be  much  greater  in  the  former  case  than  in  the 
latter. 

When  bodies  either  reflect  all  the  rays  of  light  which  they 
receive,  or  reflect  them  in  the  proportion  in  which  they  exist  in 
the  solar  beam,  they  appear  white;  when  they  reflect  none  of 
the  rays,  they  appear  black.  Between  perfect  white  and 
perfect  black,  innumerable  species  of  colours  may  be  formed  by 
diflerent  combinations  of  the  rays,  under  difllerent  influencesr 
of  reflection  or  transmission. 

When  the  expressions,  red  rays,  yellow  rays,  &c.  are  used, 
it  is  not  to  be  understood  that  the  rays  themselves  possess  any 
property  analogous  to  what  we  call  colour,  but  merely  that  they 
nave  the  power  of  exciting  in  us  the  sensations  which  we  call 
redness,  yellowness,  &c.  They  would,  therefore,  with  more 
correctness,  be  called  reA^maldng  or  red'Catising  rays,  yeUoxc^ 
maktt^  Of  j/ellozihcausw ff  r^ys^  &c«  but  the  frequent  recurrence 
of  this  precision  would  oc  as  awkward  as  it  is  unnecessary. 

Of  the  Rambciw  and  other  natural  Phenomena  dependent  upon 

the  RefrangibiSty  of  Ught. 

Of  the  natural  phenomena  produced  occasionally  by  the 
separation  of  the  primary  colours,  the  rainbow  is  one  of  the 
most  beautiful.  This  meteor,  which  in  poetical  language  is 
called  the  mf,  never  makes  its  appearance,  except  when  the 
spectator  is  situated  between  the  sun  and  a  shower  of  rain ; 
neoee  we  conclude  that  it  is  occasioned  by  the  sun  and  the 
drops  of  rain ;  and  that  this  conclusion  is  just,  any  one  may 
satisfy  himself  by  the  following  experiment :  Fill  a<  hollow 
glass  globe  with  water,  and  suspend  it  in  the  sun,  in  such  a 
manner  that  it  may  be  raised  or  lowered  at  pleasure;  at  a  certain 
heiffht  above  the  eye  of  the  spectator,  who  looks  at  it  with  his 
bade  to  the  sun,  the  globe  will  appear  to  be  red ;  let  it  then  be 
slowly  lowered,  and  it  will  appear  to  be  orange,  and  afterwards 
in  succession,  as  it  descends,  it  will  appear  yellow,  green,  blue, 
indigo,  and  violet.  Hence  the  same  drop  of  rain,  which  roust 
be  considered  as  a  little  globe,  supplies  all  the  seven  colours  to 
the  ^e^  just  as  they  would  be  supplied,  if  in  trying  the  ex* 
periment  of  the  spectrum,  the  operator  were  to  remove  the 
paper  MN,  fig.  1,  pi.  IV,  and  to  place  his  eye  so  that  it  would 
leceivethe  red  rays,  when,  if  he  gradually  raise  himself,  or  lower 
the  aperture  for  the  liehl  and  the  prkm  together,  he  would 
pevoeive  all  the  other  coH>urs  in  succession. 

There  are  someUmes  two  rainbows  seen  at  the  same  time, 
one  within  the  other,  and  what  may  seem  remarkable,  the  order 
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When  the  spectator  is  upon  a  plain,  and  the  sun  is  close  to 
the  horizon,  the  rainbow  is  a  semi-circle;  but  according  as  the 
sun  is  higher  above  the  horizon,  so  the  rainbow  is  a  smaucr  part 
of  a  circle.  When  the  spectator  is  upon  an  eminence,  and  the 
sun  is  near  the  horizon,  then  the  rainbow  may  exceed  a  semi* 
circle ;  and  from  a  great  elevation,  a  complete  circle  may  be 
perceived.  In  ail  cases,  the  centre  of  the  bow,  the  spectator^ 
and  the  sun,  must  be  in  the  same  straight  line,  which  is  called 
the  ttne  of  aspect.  The  sun  may  therefore  be  considered  as  the 
vertex  of  a  cone,  whose  base  is  the  rainbow,  and  whose  axis 
constitutes  the  line  of  aspect.  If  several  people  are  standing 
together,  they  each  see  a  diflSsrent  rainbow,  because  they  are 
each  in  the  axis  of  a  diflerent  cone.  Hence  the  bow  moves 
as  the  spectator  moves,  but  other  drops  in  another  circle  pro- 
ducing the  same  effect,  the  change  is  not  perceived.  The  bow 
assumes  a  circular  appearance,  because  it  can  only  be  seen  by 
mys  which  form  the  same  angle  with  the  line  of  aspect.    The 

iirimary  bow  can  never  be  seen,  if  the  sun  be  elevated  moie  than 
brty-two  de^^s  two  minutes  above  the  horizon* 

Lunar  rainbows  are  sometimes  observed,  but  the  fiiintness  of 
the  moon's  light,  compared  with  that  of  the  sun,  is  the  reason 
/[hat  their  colours  can  very  rarely  be  di&tinguished. 

When  the  sun  and  the  eye  of  the  spectator  are  properly 
situated,  drops  of  water  produce  the  phenomenon  under  a  variety 
pfctbfif  circumstances.  A  bow  with  its  convex  side  towards  the 
spectator,  is  sometimes  seen  on  the  ground,  when  the  sun  shinea 
on  a  very  thick  dew;  also  at  waterfals,  and  at  sea,  when  part  of 
the  agitated  water  is  dispersed  iu  drops,  the  bow  is  seen  in  ite  usual 
fonn.  Water  blown  violently  from  the  mouth  of  an  observer^ 
will  also  produce  a  miniature  iris,  and  by  means  of  a  small 
fountain,  an  artificial  one  roav  be  shown  bv  candle-light. 

The  diversified  colours  of  the  sky  under  dificrent  circuni- 
stances,  are  also  accounted  for  on  the  principle  of  the  difieient 
refrangibility  of  the  ra^s  of  light.  When  the  sun  is  near  the 
horizon,  as  in  the  mornmg  and  evening,  the  vast  tract  of  dense 
and  vaporous  air  in  a  direct  line  from  him  to  the  earth,  produces 
the  absorption  of  the  weaker  rays,  and  therefore  the  ckmd^ 
reflect  only  the  vivid  yellow,  the  orange,  and  the  red.  Ai  the 
amintity  of  the  vapours,  and  even  their  nature,  are  not  similar 
for  two  days  togetner,  this  irregularity  produces  correspondiag 
diflerenoes  in  their  effects.  Terrestrial  objects,  and  even  the  son 
himself,  are  necessarily  tinged  like  the  light  by  which  Ihey  are 
seen.  When  the  light  at  these  times  is  received  by  a  prism,  it 
is  found  that  the  rays  actually  absorbed  are  such  as  we  shoiihl 
expect  to  be  so  from  the  cotouiation  of  the  moment.    In  oo»- 
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ffiqfif**^  of  the  sQcccsBiTe  increase  and  dtmsky  of  the  ▼apom 
travcned  by  the  liehl,  cioads  di&mtly  placed,  are  al  the  sune 
imlaiit  tinged  of  diiierent  colours.  The  lii^faert  maj  creii  be 
white,  while  the  rest,  at  a  lea  eleratioo,  will  be  yellow,  and 
ethen  still  lower  will  be  red,  or  approach  nearij  to  red.  At 
an  eqoal  delation,  the  hmmI  distant  from  the  point  where  the  tun 
acts,  will  incline  to  led,  and  the  neatest  to  jdlow. 

A  Inminoos  circle,  called  a  halo  or  corona,  is  frcqocntlj  ob- 
serred  to  surround  the  son,  moon,  and  eren  the  planets  and  stars. 
It  is  sometimes  coloured,  but  generally  white.  It  is  attributed  to 
the  eOttiB  prodoced  on  the  light  oif  these  bodies,  in  passim^ 
through  dense  cioads,  ora  frozen  medium  of  hail  or  snow,  and  it 
is  white  or  coloured,  according  as  the  rays  have  undergone  a 
prismatic  separation  or  not.  The  parhelia,  or  mock  sons,  which 
aie  sometimes  observed,  are  referable  to  a  similar  origin. 

To  the  thinking  mind,  it  cannot  but  be  interesting  to  obsenre, 
in  how  many  instances  the  causes  of  phenomena  which  were 
formerly  considered  as  altogether  inexplicable,  and  r^arded 
with  superstitions  dread,  are  now  familiar  to  children,  and 
allusions  to  them  assimilated  with  the  language  of  poetry. 
They  are  no  longer  considered  as  the  ominous  harbingers  of 
evil ;  they  are  produced  for  amusement  by  experiment,  and 
when  they  occur  under  natural  circumstances,  are  contem* 
plated  with  delight,  because  they  are  known  to  be  the  result 
of  those  immutable  laws  which  the  Author  of  nature  has  assign- 
ed  for  the  government  of  his  works.  Optical  science  fiimi&es 
several  illostratbns  of  this  subject,  and  we  shall  mention  one 
which  is  not  the  least  curious,  from  its  connection  with  historical 
events.  A  day  or  two  before  the  massacre  of  St.  Bartholomew, 
Henry  IV*  of  France  (then  a  prince  at  the  court  of  Charles  IX, 
and  not  implicated  in  the  guilt  of  that  massacre,)  sat  down  to  dice 
vrith  the  Duke  of  Guise,  and  just  as  they  were  going  to  play,  he 
perceiTed  what  he  supposed  to  be  drops  of  blood.  Attonpta 
were  made  to  wipe  thoe  drops  away,  but  they  still  returned, 
or  new  ones  were  seen  in  their  places.  The  strictest  examina- 
tion vras  made  among  the  spectators,  yet  it  could  not  be  dis* 
covered  whence  the  drops  proceeded.  This  event  made  so 
strong  an  impression  upon  the  king's  mind,  that  he  alluded  to 
it  in  the  memorable  speech  he  delivered  to  his  pariiaraent,  not 
less  than  twenty«seven  years  afterwards :  ^^  I,"  says  he,  **  looked 
0|ion  it  as  a  dismal  omen,  and  rising  up  from  play,  I  tamed 
ande,  and  said  to  some  of  m  v  particular  frienas,  that  I  fore* 
saw  much  blood  would  be  shed."  From  the  best  evidence 
that  history  affords  us  of  thb  events  we  can  collect  but  little 
information  of  the  circumstances  of  the  moment ;  but  black, 
ns  the  black  spots  of  the  dice,  may  be  so  completely  change4 
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into  scarlet,  that  ive  cannot  at  this  day  consider  the  appearance 
of  the  blood-spots  as  any  thing  more  than  the  accidental  occur- 
rence of  a  natural  phenomenon.  Let  any  person  take  a  book, 
and  standing  in  the  strong  light  of  the  sun,  iirhicb  must  fall 
upon  his  eyelids  but  not  upon  the  book,  let  him  look  steadily 
at  the  printing,  and  he  will  soon  perceive  the  blackness  of  the 
letters  changed  to  the  hue  of  vermilion. 

This  appearance  is  of  easy  explanation ;  it  is  well  known, 
that  when  we  turn  our  eyes  to  the  sun,  with  our  eyelids  closed, 
we  have  the  sensation  of  a  lively  red.  Now  the  eyes,  which 
are  covered  with  respect  to  the  sun  by  the  eyelids,  are  open  to 
the  book,  and  consequently  the  white  of  the  paper,  which 
reflects  so  much  light,  makes  upon  the  retina  an  impression 
suflicient  to  erase  the  impression  of  the  red  ray 9  in  all  the 
points  of  the  retina  upon  which  the  white  rays  iiilk  The 
black  letters,  on  the  contrary,  which  are  printed  on  the  white 
paper,  send  back  few  or  no  rays  to  the  bottom  of  the  eye,  and 
consequently  all  the  points  of  the  retina,  on  which,  in  other 
cases,  they  are  depictea  black,  preserve  in  all  their  vigour,  the 
first  impression  of  red  which  had  been  made  by  the  sun  upon 
the  whole  retina.  The  circumstances,  essential  to  the  pro- 
duction of  this  illusion,  are,  1.  the  sun's  shining  upon  the  eye« 
lids ;  2.  the  rays  of  the  sun  not  falling  on  any  of  the  black 
spots;  3.  the  sun's  having  shoae  for  at  least  two  minutes  upon 
the  eyelids. 

Of  the  In  flection  and  Defection  of  Light. 

The  refraction  of  light,  we  have  seen,  is  attributed  to  a 
power  of  attraction  appertaining  to  all  bodies,  and  exerted  at 
a  little  distance  from  their  surfaces ;  reflection,  on  the  contrary, 
is  produced  by  a  power  of  repulsion,  and  also  takes  efiect  be- 
fore the  light  actually  strikes  the  reflecting  snr&ce.  If  these 
attractive  and  repulsive  energies  have  any  real  existence,  the 
fays  of  light,  under  certain  circumstances,  will  be  bent,  in 
a  manner  that  cannot  be  classed  under  either  refraction  or 
reflection.  Accordingly,  we  find,  that  if  a  ray  of  light  pass 
very  near  a  body,  without  impinging  upon  it,  it  is  bent  inwards, 
or  towards  the  body ;  this  change  in  the  direction  of  the  ray, 
is  <:alled  inflection.  If  the  ray  pass  at  a  great^  distance,  it  is 
bent  outwards,  or  from  the  body;  this  change  in  the  direction 
of  the  ray,  is  called  deflection. 

When  a  beam  of  the  sun's  light  passes  through  a  hole  in 
a  window  shutter,  the  image  thrown  upon  a  screen  or  an  op- 
posite wall,  is  larger  than  it  would  be  if  the  rays  crossing  at  the 
aperture,  proceeded  in  straight  lines  from  the  cijrcumferenceof  the 
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8un*8  disc  to  the  wall.  It  becomes  therefore  as  object  of  iaquiry 
to  determine  the  cause  by  which  it  has  been  expanded ;  and  we 
find  on  close  examination,  that  the  side  of  the  aperture  has 
inflected  or  earned  to  diverge  from  the  axis  of  the  beam,  the  rays 
which  have  passed  near  it  all  round. 

Inflection  was  first  discovered  by  Grimaldi,  who  made  many 
curious  experiments  and  observations  relative  to  it;  but  the 
following  experiments  of  Sir  Isaac  Newton,  will  be  better 
adapted  than  Grimaldi's,  to  explain  the  nature  of  this  pf«>» 
perty  of  light.  At  the  distance  of  two  or  three  feet  from  the 
window  of  a  darkened  room,  in  which  there  was  a  hole  three* 
fourths  of  an  inch  broad,  to  admit  the  light,  he  placed  a 
Uack  sheet  of  pasteboard,  having  in  the  middle  a  hole  aboaC 
a  quarter  of  an  inch  square,  ancl  behind  the  hok  the  blade 
of  a  sharp  knife,  to  intercept  a  small  part  of  the  iigfai  which 
would  otherwise  have  passed  through  the  hole.  Thepfamesof 
the  pasteboard  and  blade  were  paralbl  to  each  other,  and  whea 
the  pasteboard  was  removed  to  such  a  distance  from  the  window, 
that  all  the  light  coming  into  the  room  must  pass  through  the 
hole  in  the  pasteboard,  he  received  what  came  thnnigfa  this  bok 
on  a  piece  of  paper  two  or  three  feet  beyond  the  knife,  and 
perceived  two  streams  of  faint  light  shooting  ont  both  ways  from 
flie  beam  of  Ught  into  the  shadow.  As  the  brightness  of  the 
direct  rays  obscured  the  fainter  light,  by  making  a  hole  in  his 
paper,  he  let  them  pass  through,  and  had  thus  an  oppoitiinity  af 
attending  closely  to  the  two  streams,  which  wene  nearly  equal  in 
length,  breadth,  and  quantity  of  light.  That  part  which  was 
neuest  to  the  sun's  direct  light,  was  pretty  strong  fiw  the  space 
of  abovt  a  quarter  of  an  inch,  decreasing  gradoally  till  it  be> 
came  imperoeptible,  and  at  the  edge  of  the  knife  it  y^iMfiwIrd 
an  angle  of  aboat  twdve  or  at  most  of  fbaiieen  degrees. 

Another  knife  was  then  placed  opposite  to  the  fiirmer,  and 
he  observed,  that  when  the  distance  of  their  edces  was  about 
the  fonr*hundredth  part  of  an  inch,  the  stream  divided  in  the 
middle,  and  left  a  shadow  between  the  two  parts  which  was  so 
dark,  that  all  the  light  passing  between  the  knives  seemed  to  he 
bent  aside  to  one  knife  or  the  other;  as  the  knives  were  brought 
nearer  to  each  other,  this  shadow  grew  broader,  tiU  opoo  the 
contact  of  the  knives  the  whole  light  disappeared.  He  ohserveJ 
also,  fringes  of  difleient  coloured  light,  three  made  oa  one  side 
by  the  edge  of  one  knife,  and  three  on  the  other  side  by  the 
edge  of  the  other. 

Orimaldi,  Dr.  Hooke,  and  all  the  phihMopbers  who  asadt 
experiments  on  inflection  before  the  time  of  Newton,  nCTibed 
tfie  broad  shadows  and  even  the  fringes  whkh  he  menlioM  to  the 
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ordinaiy  refraction  of  the  air ;  but  he  soon  placed  the  matter 
in  a  diffeient  point  of  view,  and  justly  concluded  that  bodies 
have  the  power  of  actine  upon  light  at  a  distance. 

The  Philosophical  Transactions  for  1796,  contain  a  paper 
by  Henry  Brougham,  F.  R.  S.,  detailing  one  of  the  roost 
valuable  series  of  experiments  on  the  mechanical  properties  of 
light,  which  has  appeared  since  the  time  of  Newton.  It  had 
been  generally  supposed  that  the  parts  of  which  light  consists, 
have  all  the  same  disposition  to  be  acted  upon  by  bodies  which 
inflect,  deflecjt  and  reflect  them;  but  he  soon  proved  that  this 

2inion  was  erroneous.  Having  admitted  into  a  darkened 
amber,  a  beam  of  the  sun's  light,  through  a  hok  in  a  metal 
plate  (fixed  in  the  window  shutter)  of  ^Vth  of  an  inch  diame- 
ter; and  all  other  light  being  absorbed  by  black  cloth  hung 
before  the  window  and  in  the  room,  at  the  hole  he  placed  a 
prism  of  gfaus,  whose  refracting  angle  was  45  degrees,  and, 
which  was  covered  all  over  with  black  paper,  except  a  small 
part  on  each  side,  which  was  free  from  impurities,  and  through 
which  the  light  was  refracted,  so  as  to  form  a  distinct  and 
tolerably  homogeneous  spectrum  on  a  chart  at  six  feet  from 
the  window*  In  the  rays,  at  two  feet  from  the  prism,  he 
plaoed  a  black  unpolished  pin,  one-tenth  df  an  inch  in  diame- 
ter, parallel  to  the  chart,  and  in  a  vertical  position.  Its  sha- 
dow was  formed  in  the  spectrum  on  the  chart,  and  had  a  con- 
siderable penumbra,  especially  in  the  brightest  red.  It  was 
by  no  means  of  the  samethickne^  in  all  its  parts;  in  the  violet 
it  was  broadest  and  most  distinct;  in  the  red  it  was  narrowest 
and  most  confused,  and  in  the  intermediate  colours  it  was  of 
an  intermediate  thickness  and  degree  of  distinctness.  It  was 
not  bounded  by  stmight,  but  by  curvilinear  sides,  which  were 
concave  outwardly.  This  figure  of  the  shadow  was  not  owing 
to  any  irreffuli^ity  in  the  pin,  for  the  same  thing  happened  with 
idl  sorts  of  bodies  that  were  used ;  and  also  if  the  prism  was 
moved  on  its  axis,  so  that  the  colours  might  ascend  and  descend 
OD  these  bodies,  still,  wherever  the  red  fell  it  made  the  least, 
and  the  violet  the  greatest  shadow.  In  the  next  place,  he 
fixed  a  screen,  havmg  in  it  a  large  hole  on  which  was  a  brass 
plate,  pierced  with  a  small  hole  of  xt  of  an  inch  in  diameter ; 
then  causing  an  assistant  to  move  the  prism  slowly  on  its  axis, 
he  observed  the  round  ima^  made  bv  the  difierent  rays  pass- 
ing through  the  hole  to  the  chart ;  that  made  by  the  reel  was 
greatest,  by  the  vioVst,  least,  and  by  the  intermediate  ravs  of 
an  intermediate  siiel  Also,  when  at  the  back  of  the  hole  he 
held  a  sharp  blade  of  a  knift^  so  as  to  produce  the  fringes 
JMntioned  by  jGris^ldt  and  Newton,  those  fringes  in  the  red 
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were  broadest,  and  oioct  moved  inwards  to  the  shadow,  and 
mo&t  dilated  when  the  knife  was  moTcd  over  the  hole ;  and  liie 
hole  itself  on  the  chart  was  more  dilated  during  the  moliiMi 
when  illuminated  by  the  red,  than  when  illuminated  by  any 
other  of  the  rays,  and  least  of  all  when  illuminated  by  the 
violet.  From  these,  and  a  great  variety  of  other  experiments, 
well  devised  and  often  repesSed  with  rigorous  care,  he  deducca 
that  the  rays  of  li^ht  are  separable  into  their  primitive  coloms, 
by  inflection,  de&ction,  and  reflection,  as  well  as  by  refrac* 
tion;  that  the  flexibilities  and  reflexibililies  of  the  rays  are 
inversely  as  their  refrangibilities;  that  is,  those  which  oeviale 
the  least  by  refraction,  deviate  the  most  by  flection,  and  are 
reflected  the  furthest  from  the  perpendicular ;  and  thai  the  dif^ 
ferent  flexibilities,  reflexibilities,  and  refrangibilities  of  the  rays, 
are  all  produced  by  the  diferences  in  the  magnitude  of  the 
particles.  He  calcukites  that  the  siae  of  the  r«l  particles  are 
to  those  of  the  violet  as  1275  to  1253.  This  be  extends  to  all 
the  other  colours  by  similar  calcubitions,  their  siaes  lying 
between  1275  and  12Bs,  which  are  tlie  extreme  red  and  extreme 
viokt;  the  red  therefore  is  from  1275  to  1272|;  theoraqge 
from  1272ito  1270;  the  yellow  from  1270  to  1267;  the  green 
from  1267  to  1264;  the  blue  from  1264  to  1260;  the  iod^ 
fiom  1260  to  1258,  and  the  violet  from  1258  to.  1253.  The 
whole  paper  is  highly  curious  and  deserviug  of  aiteoUon,  bnl* 
it  would  be  impossible  to  do  it  justice  by  ansiiysis  in  our  liouts. 

From  the  separation  of  light  into  its  oomponent  parts,  by 
inflection,  we  readily  perceive  how  the  coloured  fringes  oif 
light  thus  influenced  are  produced;  but  otiier  appearances 
derive  their  origin  from  inflection,  where  colour  is  not  always 
observable.  On  looking  at  the  printing  of  a  book  throngh  a 
very  small  hole,  as  the  hole  made  by  a  needle  inapieoeof 
paper,  the  letters  appear  considerably  magnified.  In  this  case^ 
the  rays  which  form  the  image  pan  so  near  the  circumferenoa 
of  the  hole,  as  to  be  inflected  by  it,  and  they  theiefiNe  form 
a  larger  picture  on  the  retina  than  the  direct  rays  would  have 
done.  When  we  look  at  a  distant  steeple,  or  any  similar 
object,  and  intercept  the  direct  rays  from  it  by  csomiagtlie 
line  of  sight  with  a  wure  of  rather  less  dkmeter  than  the  pupily 
held  very  near  the  eye,  the  object  will  be  seen  by  nya  beat 
inwards  or  inflected,  which  would  otherwise  not  have  enleied 
the  eye,  and  as  they  make  a  much  hurger  angle,  the  dbjed 
appears  magnified. 

When  we  look  at  a  candle  or  any  otiier  IiinUBoas  bodjr^ 
with  our  eyes  almost  closed,  streaks  of  li^ht  appear  ta  dMi 
upwards  and  downwards ;  if  the  head  be  recbaed^  Ine  rhaugn  in 
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the  direction  of  the  streaks  is  correspondent.  This  appearance 
has  been  most  commonly  attributed  to  the  inflection  of  lijo^ht 
passing  between  tbceyc^laslies ;  but  it  is  most  probable  that  inflec* 
tion  only  occasions  a  very  small  part  of  it ;  and  that  the  rest  is 
produced  by  the  refraction  of  light  throngh  the  humours  adhering 
to  the  eyelids,  because,  as  Brougham  ob^rves,  the  streaks  which 
dait  from  the  top  of  the  Inminous  body  are  formed  by  the 
under  eyelid,  or  at  least  by  the  moteture  adiiering  to  the  under 
ciliary  process,  and  those  which  appear  from  the  bottom  a( 
the  Ixxly,  by  the  upper  eyelid ;  which  could  not  be  either  if 
they  were  formed,  as  some  have  supposed,  by  reflection  from 
the  processes,  or  by  inflection  througn  the  lashes. 

Of  the  Eye  and  ike  general  Phenomena  of  Vision. 

The  eye  is  an  organ,  not  less  admirable  in  its  mechanical 
properties  and  structure,  than  invaluable  for  its  use.  To  ex- 
patiate on  its  utility  would  be  idle,  to  treat  of  its  expression 
oeknigs  to  the  physiognomist;  it  is  our  duty  to  explain  merely 
the  manner  in  wnich  it  performs  its  oflSce.  To  this  end  we 
miist  first  describe  its  seyeral  parts : 

The  eye  is  of  a  globular  ngure,  rather  profuberant  in  front, 
and  is  composed  of  three  membranes  called  coats,  and  tlire6 

Eellocid  substances  called  humours.  Each  coat  and  each 
nmour  has  a  diflerent  name.  By  fig.  3,  pi.  IV,  is  represented 
a  section  of  the  human  eye.  The  part  DH II G,  of  the  outer 
coat,  is  called  the  scieroiicaj  the  exterior  part  or  continuation  of 
it,  DEFG,  is  called  the  cornea^  from  its  resembling  horn. 
The  sclerotica  is  strong  and  unelsstic,  and  the  muscles  whiclr 
more  the  eye  are  attached  to  it.  What  is  called  the  white  of 
the  eye,  is  a  part  of  this  coat.  The  cornea  bulges  out  a  little 
fion  the  eye*ball;  it  is  circular,  and  exceedingly  transparent. 
The  next  coat  to  the  sclerotica'  is  called  the  cnoroidesj  which 
•enres  as  a  lining  to  it.  It  is  of  a  dark  colour  in  the  human 
ejre,  but  white  in  cats  and  owls,  and  green  in  animals  that  live 
on  grass  and  yegetabies.  Its  texture  is  soft  and  pulpy,  and 
too  weak  to  be  susceptible  of  muscular  motion,  except  at  its 
extremities  towards  the  front  of  the  eye.  Like  the  sclerotica, 
it  is  distinguished  into  two  parts ;  the  fore-part  being  called 
the  tm,  while  the  hinder  part  retains  the  name  of  choroides. 
The  iris  commences  immediately  under  the  commencement 
of  the  cornea.  It  here  attaches  itself  more  strongly  to  the 
sclerotica  by  a  cellular  substance,  forming  a  kind  of  white, 
narrow,  circuUr  rim,  called  the  eitiary  circle.  The  iris  is 
thai  lemarkable -circle,  which  giyes  the  eye  its  character  as 
to  colour ;  it  is  composed  of  two  sets  of  muscular  fibres ;  the 
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Me  Icndiae,  liLc  ndit,  iMvdi  Ike  coire  of  ike 
the  ockr  fanBiae  a  BVMber  of  fKBliii  cnks  ravid  the 
taamt  ooHre.  Tlie  cmtral  put  of  ike  im  k  fcrfbmal,  Md 
Ube  apertere,  vhidb  is  cafled  the  pipi^  valm^  raaad,  biA 
ia  iliiMitrr  hr  the  adioa  of  tke  ifw»«iiof 
the  ira.  Wheo 
the  cifcuLn  abfcs  coBtisdy  Ike 
tha» theiae of tfce pgpU b  liiiioiihiiii;  oatkeothcr 
the  objrdi  aie  dvk  and  ofanne,  the  ndnl  Aro  of  tkr 
irif  coatnct,  the  drcalar  aiefdued,  aiMi  the  popi  m  taiujgBi^ 
9o  that  k  adoiits  a  greater  qvaalitj  of  li^rht.  By  caadfe^i^ht, 
the  contiadioo  and  dflalatioa  ot  the  popi  laa?  he  vcrf  di»* 
tmctlj  ohKTved,  with  the  asutaace  of  a  lookH^-glMa.  If, 
with  oar  eja  ditected  to  the  aunor,  ae  faria^  the  caadle  dooe 
to  oar  hotj  we  shall  find  the  popfl  beooaie  wrj  md;  if  the 
caadle  be  remored  and  coopletdy  shaded  (or  aboat  a  auaair^ 
aad  then  broogbt  to  its  forowr  pbor,  it  affll  be  fiwad  thai  the 
papil  hat  greatly  dibted,  aad  that  it  agata  eoabada  aa  the 
l%v  dnvi  ocarcr :  if  the  light  thiae  aiach  aMve  atiiiagly  oa 
oae  eye  thaa  the  other,  the  pepO  of  the  shaded  qre  ml  aol 
ooatiact  so  aiadi  as  the  other. 

The  abole  of  the  doroide  aKadmaie  is  opake,  bjr  which 
maum  ao  light  can  enter  thecye  bat  what  pasaes  through  the 
papil,  bat  to  leader  the  chaiaber  of  the  eye  still  darker,  the 
posterior  soriaoe  of  this  awaibtane  is  uifeied  al  Ofcr  with 
a  Mack  macas  called  the  p^gateateat  mgrmm. 

Under  the  iris,  thefe  m  a  proloi^ation,  a  a,  of  thechoraidoi, 
which  forms  a  circalar  baad  of  rmlial  Ares,  toraiaj?  tawank 
tow ards  the  cenlie  of  the  eye,  and  filled  np  bctweea  with  a  black 
ninais,  giren  it  the  appearance  of  a  menhraae.  This  circalar 
band  is  called  the  I'tgamentum  dharej  or  dHanf  Bgamiaii, 

The  third  and  lai»t  coat  of  the  eye  is  called  the  refMo.  Thn 
is  a  fine  and  delicate  membnine,  beinir  aa  ezpansioa  of  the 
optic  aerre  L,  which  proceeds  from  the  brain.  Its  coarse  is 
represented  by  dots  in  the  figure;  it  is  spread  like  a  net  of 
exaoitite  delicacy,  all  over  the  concave  surface  of  the  cbomiiles, 
ana  terminates  at  the  ciliary  ligament  a  n.  It  recseivcsthe 
images  of  objects,  which  are  depicted  opon  it  by  the  rays  of 
lt/j[bt  that  enter  at  the  papil.  It  is  of  itself  tranqiaieat,  aad 
<»t  an  ash*colourcd  white,  but  appears  black  on  aoooaat  of  the 
pigmentiim  nigrum  behind  it.  The  optic  nerve,  L,  which 
panto  through  a  small  hole  in  the  bony  cavity  eoalaiaiaw 
the  eye,  and  conveys  to  the  sensoriom  the  impressioas  osaM 
on  the  retina,  is  not  in  the  center  of  the  eye^  bat  a  little  on  OM 
side,  iadiniiig  towards  the 
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Tbe  three  tianspareDt  sabstaoces  inclosed  by  the  coats  of 
the  eye  are  called  the  aqueous^  crysialme^  and  vUreous  humours. 
The  first  of  these,  or  aqueous  humour,  resembles  water,  whence 
its  name.  It  gives  a  protuberant  fignre  to  the  cornea,  fills 
the  two  cavities,  mm,  it  n,  between  the  cornea  and  ciliary  liga* 
meat,  which  cavities  communicate  bv  the  pupil  P.  The  part 
m  m,  is  called  the  anterior,  and  n  n  the  posterior  portion  of  the 
aqueous  humour,  the  iris,  which  swims  in  it,  constituting  the 
divisbn.  Tbe  refractive  power  of  tbe  aqueous  humour  is  like 
that  of  water. 

The  second,  or  crystaline  hnmoor,  R,  is,  like  the  former, 
eminent  for  its  transparency,  which  exceeds  that  of  the  purest 
crystal ;  it  has  the  consistence  of  a  hard  jelly,  growing  some- 
what softer  from  the  middle  towards  the  edges.  Its  form  is 
that  of  a  double  convex  lens,  but  more  convex  on  the  interior 
than  the  exterior  surface.  Resembling  a  lens  in  its  form, 
k  also  resembles  one  in  its  use:  it  converges  the  rays  which 
pass  through  it  from  every  visible  object  to  its  focus  on  the 
letina.  It  is  inclosed  in  a  fine  transparent  cover,  or  membrane, 
called  the  arachnoidesy  which  is  attached  to  the  BgamaUum 
dSare  before  mentioned ;  and  by  that  means  it  is  suspended. 
The  radial  fibres  of  tbe  iigamentum  ciliare,  have  the  power 
of  contracting  and  dilating  occasionally,  by  which  means  the^ 
alter  the  shape  or  convexity  of  this .  natural  lens,  and  shift  it 
a  little  backwards  and  forwards  in  the  eye,  so  as  to  adapt  its 
fofiBl  distance  from  the  retina  to  the  difierent  distances  of  <4>* 
jccts.  Without  this  or  some  equivalent  arrangement,  we  should 
only  see  those  objects  distinctly  that  were  at  one  distance  firom 
the^e. 

At  the  back  of  the  crystaline,  lies  the  third  or  vitreous  hii* 
mour  KK.  It  receives  its  name  from  its  supposed  resembhyice 
to  melted  glass.  It  is  not  so  hard  as  the  crvstaline,  nor  so 
liquid  as  the  aqueous  humour.  It  is  by  far  the  laqrast  of  all 
the  humours  in  quantity,  and  gives  the  eye  its  globular  shape. 
Ib  its  refractive  power,  it  very  little  exceeds  water ;  in  consas* 
tence  it  is  like  the  white  of  an  egg. 

As  every  point  of  an  object,  ZVX,  sends  out  pencibof 
fays  in  all  directions,  some  ravs  from  every  point  on  the  side 
next  the  eye,  will  fall  upon  the  cornea  between  EIF,  and  by 
passing  on  tbrouffh  the  pupil  and  humours  of  the  eye,'  thev 
will  be  converged  to  as  manv  [loints  on  the  retina*  and  wiU 
there  form  a  distinct  inverted  picture  BYA,  of  the  object : 
for  the  pencU  oS  rays  flowing  from  the  point  Z  of  the  object^ 
will  be  converged  to  the  point  A  of  the  retina ;  those  from  the 
point  y  will  be  converged  to  the  point  Y ;  those  from  the  point 
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X  will  be  converged  to  the  point  B,  and  rays  from  all  (he  inter- 
mediate points  being  conver|;ed  in  liiie  manner,  the  wlioie  image 
BYA  k  formed,  ai^  the  object  made  visible. 

With  two  eyci  we  not  only  see  objects  about  one:thirteenth 
part  brighter  than  when  we  use  only  one,  but  we  see  them  in 
a  difierent  situation.  Those  who  have  lost  the  use  of  one  eye 
are  apt  to  mistake  the  distances  of  objects  even  within  arm's 
length ;  and  in  soch  actions  as  the  threading  of  a  needle,  or 
the  snuffing  of  a  candle,  they  do  not  succeed  without  oonsidera* 
ble  experience. 

It  has  often  been  a  subject  of  inquiry,  why  we  see  objects 
in  their  true  position,  thongh  the  imai^  on  the  retina  is  inveited, 
bot  no  salisliactory  solution  of  the  difficulty  has  ever  been  gifen. 
And  we  should  be  as  little  likely  to  receive  an  answer,  if  we 
weie  to  ask,  why  we  do  not  perceive  every  object  bent,  because 
the  image  of  it  is  depicted  upon  a  concave  snrface.  It  is  oep^ 
tain,  that  unless  distinct  images  are  painted  on  the  Rtina, 
objects  cannot  be  dearly  perceived.  If  from  too  little  lighl^ 
remoteness,  or  any  other  cause,  a  pictttre  is  indistinctly  painted 
on  the  retina,  an  obscure  or  indistinct  idea  of  the  object  is 
conveyed  to  the  mind.  The  picture  on  the  retina  is  therefore 
so  fiur  the  cause  of  vision,  that  our  ideas  of  visible  objects  vary 
as  it  varies,  and  when  it  is  not  formed,  nothing  is  seen.  Yet 
we  may  iairly  conclude,  that  the  mind  does  not  look  opon  the 
image  on  the  retina;  for  in  cases  of  thegutta  serena,  a  clisorder 
which  affixes  only  the  optic  nerve,  the  pictures  on  the  retina 
are  as  perfectlpr  formed  as  in  the  best  eyes,  although  the  patient 
is  fffliif*^  with  incurable  blindness.  It  is  the  optic  nerve, 
therefore,  which  conveys  the  impressions  made  on  the  retimi 
to  the  brain,  but  how  thicy  are  there  communicated  to  the  mind, 
is  screened  from  the  view  of  man.  It  has  been  supposed  that 
we  acquire  by  experience  the  habit  of  teeing  objects  eiect, 
but  there  are  many  striking  facts  to  prove  the  contrary;  persons 
who  have  been  blind  from  infancy,  and  who  have  been  sod* 
denlv  lestoied  to  sight  by  a  surgical  operation,  have  not  beet 
led  into  the  smallest  mistake,  in  fact,  no  reason  can  be  given 
wfav  the  mind  should  not  perceive  as  accurately  the  position 
off  iNidies,  when  the  rays  reflected  from  the  upper  parts  of  those 
bodies  fiili  upon  the  lower  parts  of  the  eye,  as  if  the  oontraij 
tookplace. 

T^  see  an  object  distmctly,  besides  a  suffideat  quantity  of 
light,  it  is  necessary  that  the  pencils  of  diveigent  rays  which  eo* 
ter  the  eye,  should  converge  to  points  on  the  retina.  If  the  pen* 
dls  fidl  in  an  onconvergedstate  on  the  retina,  the  scattered  ilale 
of  the  light  canses  it  to  make  an  indistinct  impiCBskw,  whidi  Bsay 
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arise  from  two  causes:  1.  ibe  rays  may  lequise  a  ipreater  distaaco 
Ibaa  the  siie  of  the  eye  admits  of,  before  they  eaD  becoiiverg>- 
ed ;  and,  2.  they  mav  conYerge  before  they  reach  the  retina, 
in  consequence  of  wbicn  they  will  fall  upon  it  in  a  dispersed  state, 
because  Ibey  have  crossed  and  be^n  to  diverge.  Persons 
having  the  former  defect,  aie  called  long  sighted,  as  th^  can 
frequently  see  objects  at  a  great  distance  better  than  those  near 
at  hand.  The  reason  is,  that  from  age  and  infirmity,  the  cornea 
and  crystaline  lens  become  flatter,  and  consequently  incapable  of 
converging  the  rays  so  soon  to  points ;  and  the  defect  is  further 
iocream,  and  may  sometimes  perhi^  be  wholly  occasioned, 
by  the  ciliary  ligament  becoming  either  too  flaccid  or  too  rigid, 
to  produce  the  various  adjustments  necessary  to  view  objects 
at  oil&rent  distances.  When  the  pencilaof  rays  are  oonvei|;ed 
to  points  before  they  reach  the  eye,  the  persons  subject  to  the 
visual  defect  thence  arisbg  are  said  to  be  snort-sighted,  because 
tbey  can  only  see  those  objects  distinctly  which  are  very  near 
their  eyes.  The  subject  of  .long  and  short  sigliiedness  will  be 
resumed,  when  we  treat  of  spectacles ;  here  we  shall  only  further 
observe,  that  the  eye  is  as  much  under  the  dominion  of  habit  aa 
any  of  our  senses,  and  when  long  inured  (o  one  class  of  objects^ 
becomes  less  fit  for  all  others.  The  engraver,  who  is  constantly 
employed  in  viewing  objects  near  at  hand  with  great  attentioo, 
loses  much  of  the  facility  of  discerning  ot)}ects at  &  distance;  bat 
the  sailor,  who  never,  perhaps,  strains  his  eyes^  except  at  distant 
objects,  becomes  less  capable  of  seeing  dirtinclly  those  which 
are  near  at  hand. 

.  The  advantages  of  having  two  eyes,  even  so  fiur  as  we  am 
acquainted  with  them^  are  not  confined  merely  to  improving' 
the  brightnesB  of  objects,  and  showing  them  in  their  true  places* 
In  each  eye  there  is  a  spot  where  no  vision  takes  place,  and 
this  spot,  which  is  about  the  fortieth  of  an  inch  in  dusmeter^ 
lies  exactly  upon  the  insertion  of  the  optic  nerve,  so  that  we- 
cannot  perceive  the  image  of  any  oinect  that  fidls  upon  it  at  the 
hinder  part  of  the  eye,  prvvided  the  other  eye  be  shut;  bnt 
as  the  insensible  parts  of  tne  two  eves  aie  on  the  sides  next  each 
other,  tliat  part  which  is  invisifaletoooeeye,  iaTisiUetothe 
other,  and  therefore  the  whole  is  seen.  To  be  satisfied  of  the 
existence  of  such  a  spot,  the  following  experiment  may  be 
resorted  io.  Let  three  pieces  of  paper  be  faslened  vpoa  the 
side  of  a  room,  about  two  feet  asunder;  and  let  the  persoii 
|ilace  himself  opposite  to  the  middle  paper,  and  bwinning^ 
near  to  it,  retire  gndnally  backwards,  all  tJie  while  ueping* 
one  of  his  eyes  shot,  and  the  other  turned  oblhmely  towanb 
that  outside  paper  whicb  in  towards  the  ooiverea  ^e^  and  he 
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will  find  a  sitnation,  (which  it  genemllv  about  five  timci  the 
distanoe  at  which  the  papers  are  placed  from  oiNJ  iaidlher,> 
where  (he  middle  pupCT  will  entirely  disappear,  while  the  two 
outermost  continue  pfatidly  visible;  because  the  ra^s  which 
come  ffom  the  midale  paper  will  fall  upon  the  relina  where 
the  opti<i  nerre  is  inserted.  Henc!^  it  is  evident,  that  if  the 
optic  nerve  had  not  been  inserted  oil  one  side,  the  centre  of 
our  field  of  view  would  have  been  invisible. 

We  have  previously  had  occasion  to  mention  the  vtsoal 
angle,  and  to  intimate  that  the  larger  it  was,  the  greater  the 
apparent  magnitude  of  any  object  beheld.  The  meaning  of  thia 
expression  wul  now  be  apparent,  from  the  description  we  have 
given  of  the  eye,  but  to  render  it  still  more  evident,  we  shall 
refer  to  a  fimre.  Let  AB,  fig.  4,  pi.  IV,  be  an  object  viewed  br 
the  eye  QH.  From  each  extremity  draw  the  lines  AN  and  BM^ 
intersecting  each  other  in  the  crystaiine  humour  at  L  Then 
draw  the  hne  IK,  in  the  direction  in  which  theeye  iasuppoaeil 
to  look  at  the  object.  The  angle  AIB  is  then  the  optical  of 
visual  angle,  and  the  line  IK  is  called  the  optical  axis,  because 
it  is  the  axis  of  the  lens  or  crystaiine  humour  continued  to  the 
dbject.  The  apparent  magnitude  of  objects,  then,  depending 
thus  on  the  angle  under  which  they  are  seen,  most  evidently 
vary  according  to  their  distances.  Thus  different  objects,  as 
AB,  CD,  EF,  the  real  magnitudes  of  which  are  very  unequal, 
may  be  situated  at  such  distances  fifom  the  eye  as  to  have  their 
apparent  magnitudes  all  equal ;  for  if  they  are  situated  at  such 
distances,  that  the  rays  AN,  BM,  shall  touch  the  extraautks 
of  each,  they  wiU  then  all  appear  under  the  same  optical  anglci 
and  the  diameter  MN,  of  each  image  on  the  retina  will  conae* 
quently  be  equal.  In  the  same  manner,  obiects  of  equal  aag^ 
nitude,  situated  at  unequal  distances,  vrill  appear  uneqil< 
For  let  AB  and  OH,  be  two  objects  of  equal  siae,  playefl 
befoie  the  eye  at  diffident  distances,  IK  and  IS;  draw  the  Knee 
GP  and  HO,  crossiiig  each  other  in  I ;  then  OP,  the  image 
formed  bjjr  the  obiect  GH  on  the  retina,  is  evidently  of  a 
greater  diameter  than  the  image  MN,  which  npreaenta  the 
object  AB;  in  other  words,  the  object  OH  will  appear  as  huge 
as  an  object  of  the  duuneter  TV,  situated  at  the  same  pboe  ea 
tfaecMectAB. 

Wnen  we  look  firom  one  end  towards  the  other  of  a  long' 
and  straight  row  of  houses  or  trees,  they  appear  gndually  t^ 
diminish  as  they  are  further  removed  from  the  eye,  though 
upon  a  nearer  inspection  they  are  all  found  to  be  of  equal  siae* 
It  will  be  evident,  from  the  observations  we  have  just  iMrie 
respecting  the  visual  angfe,  that  this  must  be  the  caar;  for  the 
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attf le  undtr  vbich  tiniilar  obfecUi  are  seen^  tod  conseqamtljr^ 
tbeevidence  which  sight  alhrds  us  of  their  magnitude,  n  in  att 
In  verse  pfoportion  to  I  be  dhtarice  of  those  objects.  The  apparent 
txceptions  to  this  rule  apply  to  objects  where  the  eyioeitoe  of 
sight  IS  corrected  bjthe  jaagment.  When  objects  are  near,  w& 
do  not  judga  of  Iheir  magnitude  according  to  the  visual  afi^e. 
Though  a  man  six  feet  high  is  seen  at  tbe  distance  of  six  feet 
«nder  the  very  same  angle  as  a  dwarf  only  two  fed  high,  at  tbe 
dUstaooe  of  two  feet,  still  the  dwarf  does  not  appear  as  large  a» 
tbe  man,  because  we  are  instantly  able  to  make  the  reqobite 
albwaiice  for  the  difierence  of  distance. 

But  when  the  distance  is  considerable,  and  we  bare  no 
opportunity  of  comparing  one  object  with  another,  we  soon 
perceive  that  the  rule  just  laid  down  has  its  foundation  in  rmtare* 
W  hen  DenoA  first  drew  near  the  gigantic  pyramids  of  Gteh^ 
lie  was  not  particularly  strnck  with  their  ma^nitade,  principally 
because  there  wane  no  objects  in  the  vicinity  by  which  a  com« 
paiison  could  be  made ;  but  this  inprenion  was  speedily  eflhoedi 
when  he  observed  a  hundred  people  who  had  preceded  him 
assembled  at  the  base  of  one  of  them,  the  deception  instantly 
vanished,  a  comparison  was  formed,  and  tbe  stupendous  pile 
Msniuid  all  its  apfwopriate  maiesty. 

As  an  image  of  every  Tisible  object  is  painted  on  tbe  Fetina 
ef  eeeb  of  our  eyesy  we  may  be  inclined  to  inquire,  why 
we  do  not  see  every  object  double  I  Of  the  varhius  bpioionr 
which  have  been  advanced  iu  explanation  of  this  difficulty, 
the  most  satiaftctoiy  is,  that  in  tne  two  eyes  there  are  corre* 
spending  parts  of  the  retinas,  which  are  probably  susceptible 
ef  the  sanoe  hnpression  in  equal  dq^ree,  and  convey  it  to  the* 
sensorium  in  tbat  eqoal  ilegree ;  hence,  as  long  as  similar  poinfe 
eiF  the  images  fell  upon  the  conesponding  points  of  the  retinaS| 
At  pirceplion-  of  the  same  object  is  single,  otherwise  it  is  double. 
tl  is  a  cenfirmation  of  thb  theory,  that  when  a  peiwn,  whose 
sMt  ia  perfect,  looks  with  both  eyea  at  an  object  straight  before 
bno,  the  aacs  of  betdb  eyes  aie  inclined  towards  each  other  m 
equal  #egms,  and  diiected  to  the  same  point.  In  this  case  the 
imam  are  formed  upon  the  correspondmg  parts  of  the  retinas, 
iad  to  all  ether  ceses,  tbe  eyes  move  in  unison,  to  produce  the 
iaoie  cCret;  but  while  the  same  object  still  eontinues  to  be  re* 
gavded,  let  the  position  of  one  eye  be  varied  a  little  by  a  siigbC 
pNssie  of  tbe  finger,  and  the  ot)ject  will  instantly  appear 
ADoble«  Mow  the  aberration  of  the  axis  of  one  eye,  whicb 
is  thus  effected  for  a  moment  by  design,  is  often  produced  by 
or  babk,  so  tbat  tbe  power  of  directing  both  eyrs  to  tbe 
«M  is  MnyuMBlly  lost:  when  this  is  the  cMe«  tbe  pei^ 
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•on  ii  said  to  squifUj  and  the  Mmint^jed  alfiajv  aee  objedi 
double,  unless  tbey  have  acquired  the  habit  of  entirely  ditosinf 
the  eye  of  whose  motion  they  have  lost  the  natural  aiid  perfect 
command.  No  method  of  curini;  this  defect,  when  it  lias  not 
been  absolutely  irremediable,  has  been  more  successful  than  thai 
of  binding  up  for  a  time  the  sound  eye,  by  which  means  tha 
other  is  obliged  Co  perform  its  office. 

The  nearer  any  object  is,  when  yiewed  with  two  CTes,  the 
greater  the  inclination  of  the  axes  of  the  eyes  to  eadi  other,  and 
the  converse  necessarily  follows,  wheu  we  take  a  distant  riew* 
It  b  by  this  adjustment  that  we  are  materially  assisted  in  jodgtog 
of  the  dbtances  of  objects  not  very  remote,  and  that  we  Icoow 
whether  a  person  is  looking  at  us  or  not. 
..  We  acquire  also  the  habit  of  almost  involuntarily  taking 
into  consideration  a  variety  of  other  circumstances,  in  judging 
of  distances.  When  objects  appear  obscure  or  confused,  wa 
judge  them  to  be  remote ;  and  when  thev  appear  distinct,  we 
form  a  contrary  opinion :  of  these  principles  painters  sedukHMljr 
study  to  avail  themselves.  Rooms,  the  walls  of  which  aia 
whitened,  appear  smaller  than  when  of  a  dark  cokmr;  fidds 
covered  with  snow,  or  white  flowers,  appear  less  than  when 
clothed  with  grass;  mountains  covered  with  snow  appear  aeaief 
than  at  other  times;  and  in  the  evening,  when  it  is  nearly  dark, 
a  post .  half  white  and  half  black,  may  be  taken  for  a  body  of 
omsiderable  siie  in  horisontal  extension. 

An  Englishman,  when  he  first  views  an  Italian  landscape, 
makes  the  most  egregious  mistakes,  in  estimating  the  dklanoes 
of  places  and  objects  by  the  eye.  He  has  no  conception  of  the 
clearness  of  the  air,  in  that  delightful  climate,  by  which  he  is 
enabled  to  perceive  objects  at  the  distance  of  twenty  miles,  wiih 
so  much  distinctness,  that  be  supposes  himself  to  be  within  half 
an  hour's  walk  of  them.  Italian  painters,  tme  to  the  chaiae* 
teristics  of  their  country,  have  made  their  most  distant  mouB* 
tains  well  defined  at  their  summits,  and  all  other  objects  piopor* 
tionately  distinct ;  and  we  are  apt  to  think  they  htaye  oevialsd 
from  nature,  because  the  scenery  of  our  own  ooontry  is  never 
clothed  with  such  fascinating  splendour* 

The  eye  can  onlv  seea  very  small  part  of  an  object  distinct^ 
at  once;  for  the  collateral  parts  of  an  object  are  not  lepnsentad 
distinctly  in  the  eye;  and  therefore  the  eye  is  obliged  to  tam 
itself  successively  to  the  several  parts  of  the  object  it  wants  to 
view,  that  thejr  may  fall  on  or  near  the  axis  of  the  eye,  when 
alone  distinct  vision  is  performed. 

When  the  e^e  is  pMoed  above  a  horisontal  plane,  the  diiis* 
rent  parts  of  this  pbuie  will  appear  elevated  in  propodioa  to 
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their  distance,  till  at  length  they  will  appear  on  a  level  with  it. 
For  in  proportion  as  the  diffisrent  parts  are  more  distant,  the 
rays  whidi  proceed  from  them,  form  angles  with  the  optical 
axis,  IK,  fig.  4,  pL  IV,  more  and  more  acute,  and  at  length 
become  almost  parallel.  This  is  the  reason  why,  if  we  stand 
on  the  sea*shore,  those  parts  of  the  ocean  which  are  at  a  great 
distance  appear  elevated ;  for  the  globular  form  of  the  eaKh  is 
noi  perceptible  to  the  eye ;  and  if  it  was,  the  apparent  elevatbn 
of  tne  sea  is  iar  greater  than  the  arch  which  a  segment  of  the 
globe  would  form,  within  any  distance  that  our  eyes  are  capable 
m  reaching. 

The  best  eye  can  hardly  distinguish  any  object  that  subtends 
at  the  eye  an  angle  less  than  half  a  minute  of  a  degree;  and 
Tery  few  can  diMinguish  it  when  it  subtends  a  minute.  If  the 
distance  of  two  stars  be  not  greater  than  this,  they  will  appear 
as  one. 

Though  men  see  diatinctly  at  diflSerent  distances,  by  the  altera- 
tions of  the  position  and  figure  of  the  crystaline  lens,  yet  thev  can 
only  see  clistinctly  beyond  a  certain  extent.  This  extent  is  not 
Um  same  in  diferent  people,  but  in  p;eneral  it  is  between  six 
and  ten  inches.  A  good  eye  can  see  distinctly  when  the  rays 
fidl  parallel  upon  it ;  and  then  the  principal  fi>cus  is  at  the  bot- 
tom of  the  eye. 

The  foUowinff  is  a  summary  of  the  bws  of  yislon,  wkh 
regard  to  the  ^ure  of  visible  objects:  1.  If  the  centre 
of  tbe  eye  be  exactly  in  the  direction  of  a  right  line,  the 
Koe  will  appear  only  as  a  point.  2.  If  the  eye  be  placed  in  the 
direction  ot  a  surAoe,  it  will  appear  only  as  a  line.  3.  If  a 
body  be  opposed  directly  towards  the  eje,  so  as  only  one  piano 
of  the  surmce  can  radiate  on  it,  the  body  will  appear  as  a  suiw 
lace.  4.  A.  remote  arch,  viewed  by  an  eye  in  the  same  plauo 
wtth  it,  will  appear  as  a  right  line.  5.  A  sphere,  viewed  at  a 
distance,  appean  a  circle.  6.  Angular  figures,  at  a  distance 
appear  ronno.  7.  If  the  eye  look  wliquely  on  tbe  centre  of  a 
itqjmar  figure,  or  a  circle,  the  true  figure  will  not  be  seen,  but 
llieciide  wiU  appear  an  eUipsei  &c. 
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By  the  obiervation»  illiiiitrating  fi^.  4,  pi.  IV^  ii#  hope  il 
ii  clearly  understood,  that  the  nearer  any  object  can  be  bitiogiit 
to  the  eye,  the  larger  will  be  the  angle  under  which  it  appeara^ 
4nd  the  more  it  will  be  magnifiea-  But  ohjects,  we  fiml  bf 
eiperience»  may  be  brought  so  near  the  eye,  that  the  advantage 
of  their  forming  a  large  visual  angle,  i$  more  than  counter* 
balanced  by  the  indbtinctness  that  ensues.  The  genetalily  of 
people  see  small  objects  best,  at  the  distance  of  e^hi  inckas; 
Hrhen  such  objects  are  brought  nearer  than  eight  inches,  thejr 
become  indistinct,  and  if  to  four,  or  three,  they  wilt  ncarcrlj 
be  seen  at  all.  The  reason  of  thia  indistinctness  is,  that  tM 
pencils  of  rays  from  objects  brought  within  the  limits  wheiedia^ 
tinct  vision  commences  to  the  naked  eye,  ate  in  ao  divergent  a 
state,  that  they  are  not  conveiged  to  points  exactly  upon  thai 
letina.  But  we  have  already  seen,  that  a  convex  ghisa,  wiU 
lessen  the  divergence  of  the  most  divergent  rays  passing  through 
ft,  and  that  if  ita  curvature  be  sufficient,  it  will  retrari  them 
parillel  or  even  convergent.  If,  then,  an  object  be  viewed  aft 
the  distance  of  two  or  three  inches,  with  a  glass  of  suilahia 
eonvexity  interposed,  it  Immediatdy  beooraea  distinctly  visible 
%i  that  distance,  with  the  advantage  of  appearing  iaq^  and 
more  enlightened  than  it  would  under  any  circnnstanees  appnv 
to  the  naked  eye.  By  an  obvious  |Mirit;|r  of  reasonii^  it  ia  evii* 
dent,  that  if  ah  object  can  be  rendered  distinctly  visible  by  n  casr 
ves  glass,  at  a  less  distance  than  that  at  which  oonmion  visims 
is  effected,  a  person  who  does  not  see  objects  but  at  an  onwanl 
and  inconvenient  distance,  may  be  made  to  ase  tbem  at  tho 
common  and  most  dibble  distance.  Hence  the  use  of  caavoi 
glasses,  which  are  an  invaluable  remedy  for  the  viswil  dsiwi  of 
the  longsighted.  Concave  glasses,  on  the  eontrary,  whidi  an 
directly  opposite  in  their  elieols  to  ^e  onavex,  prove  n  realedly 
of  equal  value  to  the  short-sightadt  or  tiieae  who  cniMl  aaa 
distant  objects  distinctly,  and  are  obliged  to  bring  near  objeda 
almost  close  to  their  eyes. 

By  fig.  9,  pi.  17,  is  represented  an  eye  in  its  perfect  stale, 
the  image  of  the  object  being  exactly  upon  the  letina,  ortm 
nearly  so  as  could  be  shown  by  an  engraving;  fer  we  need 
not  inform  the  most  i|porant  reader,  that  of  the  pictoie  forased 
1>7  %kt,  no  part  projects,  in  the  manner  shown  by  the  piaAn. 
Fig.  I,  pi.  V,  ia  tM  ore  of  n  long-sighted  peiaon,  wmv^ 
hem  the  flatness  of  the  tsryslaline  humour^  natl  of  the 
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tbe  foci  of  ibe  pencik  of  x%yB  from  objects  are  not  at  rf,  wliera 
ibey  ought  to  be,  in  order  to  render  vision  distinct,  but  beyond 
the  eye  as  at  F.  Hence  the  rajs  which  flow  from  the  object  C^ 
and  pass  through  the  humours  of  the  eye,  instead  of  forming^ 
an  image  of  a  point,  form  a  large  speck  of  light,  and  when  the 
lays  from  all  parts  of  an  object  do  the  same,  the  whole  image 
ia  confused.  But  if  a  convex  glass,  AB,  of  a  proper  focus^ 
be  interposed,  the  rays  converge  sooner^  they  meet  in  a  point 
Ht  d^  on  the  retina,  and  distinct  vision  is  obtained. 

In  fig.  2,  from  the  great  convexity  of  the  cornea  and  crys* 
taline  humour,  the  rays  that  enter  from  the  object  C,  converge 
to  a  focus  in  the  vitreous  humour,  as  at  F,  and  by  divHging 
from  thence,  fall  as  in  the  example  of  the  long-sighted,  obtusely 
on  the  retina,  and  vision  is  as  indistinct  as  if  the  eye  had  been 
too  flat.  But  by  placing  a  concave  glass  AB,  beroie  the  eye^ 
the  rays  are  sproia  out  a  little,  or  fall  with  greater  divergency 
Qpon  the  eye  than  before,  and  they  do  not  unite  till  they  faU 
OB  tbe  retina,  consequently  the  detect  disappears. 

When  glasses  are  put  m  frames  for  spectacles,  their  fiamea 
caght  not  to  be  straight,  but  bent  a  little  in  the  middle,  so  that 
the  axes  of  both  glasses  may  be  directed  to  one  pointy  at  th* 
distance  most  proper  for  reading  or  examining  objecta.iae 
geneiaL  By  this  means  the  axes  of  the  eyes  will  fall  perpendi* 
Cttlarly  upon  the  glasses,  and  vision  will  be  more  distinct. 

Spectacles  are  much  better  Sot  tbe  eyes  than  those  glance 
whion  are  held  m  the  hand.  By  hand  glasses,  indeed,  more 
barm  than  benefit  may  eventually  result  for  the  distance  at 
wbicb  they  are  held  from  tbe  eye  is  perpetually  varied,  and  tbe 
eye  is  thus  perpetually  strained,  that  it  may  accoosmodate  itself 
io  such  changes. 

When  the  eyes  of  peiaons  first  begin  to  be  afiecled  by  age, 
tbe  ootioiaiia  furnish  thens  with  spectacles,  the  glasses  of  whiob 
are  about  40  inches  Ah^us,  which  are  therefore  called  No.  1,  or 
Raises  <^  the  first  sight  When  the  focal  lei^  is  abont  ifi 
iniAea,  the  lenses  are  called  No.  3.  About  12  inchea  is  the 
fiical  hsngth  of  Now  5.  Tea  inches  is  what  they  call  No.  ^ 
Nine  inches  ia  that  of  No.  5.  Eight  inches  ia  the  focal  length 
of  Now  6.  6ev«m  inches  is  the  focal  length  of  Nou  7.  Sot 
inches  is  tbe  ibosi  leneth  of  No.  8>  and  aametimea  they  make 
ijfoctaelea  of  a  focua  lUMwter  still.  Concave  spectacles  are  dmf 
tiaguishad  by  nnmben  in  the  same  way.  Bot  there  is  a  eansii 
denble  difference  is  the  focal  distances  of  glaasfs  made  hgr 
diftteat  optiriaai,  tboagh  they  give  them  the  same  aamli>r> 
la  chosii^  Bpeotadea,  theiefoie,  actual  trial  alone  can  ha 
depended  on;  wod  when  an  actoal  trial  is  made,  perhapa  tho 
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best  direction  that  can  be  given  to  make  a  proper  chmce,  is  to 
piefer  those  spectacles  which,  when  near  the  eye,  show  objects 
nearest  their  natural  state,  neither  enlarged  nor  diminished,  and 
that  give  a  blackness  and  distinctness  to  the  letters  of  a  book, 
without  straining  the  eje,  or  causing  any  extraordinary  exertion 
of  the  pupil.  No  spectacles  can  be  relied  on  as  properlj 
accommodated  to  the  eyes,  which  do  not  procure  them  case 
and  rest;  if  they  fatigue  the  eyes,  we  may  safely  oonclnde, 
either  that  we  have  no  occasion  for  them,  or  that  they  art 
ill-made,  or  not  proportioned  to  our  sight. 

In  the  choice  of  glasses  for  the  short-sighted,  no  rules  can 
be  laid  down ;  it  is  a  state  of  the  eye  which  has  no  connection 
with  age;  no  staled  progression  that  can  be  a  guide  to  the 
optician,  in  order  that  oe  may  recommend  one  glass  in  prefer- 
ence  to  another;  but  the  shor^ighted  themselves,  by  trying 
difiereiit  glasses,  will  soon  discover  which  are  roost  advantageoui. 

\Ve  shall  probably  not  be  charged  with  taking  up  too 
irrelevant  a  subject,  if  we  introduce  a  few  observations  on  the 
means  which  may  be  employed  to  render  spectacles  unneces- 
sary, or  at  least  to  lengthen  the  period  of  visual  enjoyment 
without  them.  The  long-sighted  should  accustom  themsdvea 
to  read  and  examine  objects  at  a  less  distance  than  is  entirely 
agreeable  to  them;  white  the  short-sighted  should  attentively 
pursue  a  contrary  practice.  Nothing  is  more  conducive  to  the 
preservation  of  the  sight,  than  the  constant  use,  both  in  leading 
and  writing,  of  a  mraerate  degree  of  li^ht.  If  in  the  apart- 
ment  we  commonly  use,  there  are  two  windows,  it  is  better  to 
sit  at  an  equal  distance  from  both,  than  to  M  the  principal 
light  come  from  one  side  only.  In  all  cases,  it  sboukl  beonr 
object  to  afford  each  eye  an  equal  quantity  of  light. 

To  flaming  colours  and  wnite  objects,  the  eyes  shoald  not 
be  often  or  long  exposed.  The  *^  poor,  untutored  Indian,'* 
when  he  traverses  his  native  wilderness,  while  it  is  every-wbeie 
covered  with  snow,  fixes  before  his  eyes  a  wooden  firame,  which 
only  permits  the  rays  of  light  to  pass  throu|^h  a  very  minuta 
i^perture.  His  view  is  thus  confined^  and  his  light  is  small, 
but  he  preserves  his  sight  from  certain  mjury.  Lonr  or  fimiueat 
excursions  over  snow,  especially  when  tte  sun  snines,  it  will 
easily  perhaps  be  admitted  must  have  an  injurbus  tendency  to 
the  eyes;  but  it  may  be  asserted  in  return,  that  none  of  tho 
circumstances  attending  common  life  in  this  countrv,  oaa 
occasion  an  eflbct  so  much  to  be  depieoated.  The  following 
relation  will  evince  the  falhu^  of  this  supposition.  A  student  at 
CSambridge,  who  sat  daily  lor  several  hoars  in  ip  ap«itas0nl| 
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the  avails  of  which  were  whitewashed,  feU  himself  in  a  short 
time  affected  with  dimness  of  sight.  A  fellow  student  had  the 
lilce  occasion  for  complaint.  Suspecting  the  strong  light 
leflected  from  the  walls  to  be  the  cause,  they  had  their  apart- 
ments cokmied  green ;  and  their  eyes  then  gradually  regained 
their  former  strength.  > 

After  the  long  intenral  from  exertion  occasioned  by  a  night's 
test,  the  sudden  exposure  of  the  eyes  to  a  strong  light,  or  the 
intense  exertion  of  them,  has  an  unfavourable  eflfect.  Scarlet 
window  and  bed  curtains  are,  for  this  reason,  the  worst  that  can 
be  chosen.  The  cataract,  a  complaint  which  frequently  follows 
an  inflammation  of  the  eyes,  and  is  often  irremediable,  may  be 
occasioned  by  looking  very  frequently  at  a  fire,  or  any  yery 
glaring  object. 

Green  is  of  all  colours  the  most  agreeable  to  the  eyes,  and 
scarlet  the  roost  offensive,  or  endurable  for  the  shortest  space  of 
time.  White  is  the  next  to  scarlet.  Hats  and  other  coverings 
for  the  head,  the  undersides  of  which  are  white,  certainly  tend 
to  impair  the  sight. 

Tne  aflTusion  of  the  eyes  in  clean,  soft,  cold  water,  contri- 
butes greatly  to  strengthen  them,  and  of  all  applications  is  the 
most  strongly  to  be  recodimended.  But  with  respect  to  the 
roost  proper  time  of  performing  it,  an  erroneous  opinion  is  pre* 
talent.  Morninff  is  commonly  thought  to  be  the  most  proper 
time.  The  middle  of  the  day  is  certainly  to  be  preferred. 
Morning  is  an  ineligible  time,  because  the  eyes  are  then  well 
lefieshed,  and  amply  replenished  with  the  moisture  which  is 
most  suitable  for  toem ;  but  when  the  affusion  is  postponed  till 
ntd«day,  it  becomes  seasonHtbie  and  *      "*  '  * 


Of  Burmng  Lemes  and  Mhron. 

A  burning  lens  must  be  convex,  a  burning  mirror  must  be 
concave;  because  both  produce  their  efllect  by  concentrating^ 
into  a  Very  small  compass,  the  rays  of  light  and  heat,  incident 
upon  a  large  snriieux. 

As  the  rays  which  pass  through  a  convex  lens,  or  are 
leflected  from  a  concave  mirror,  are  united  at  its  focus,  thdr 
cflect  is  so  much  the  maler,  as  the  sur&ce  of  the  lens  or  mirror, 
exceeds  that  of  the  focus.  Thus,  if  a  lens  four  inches  broad 
collect  the  sun's  rays  into  a  focus  at  the  distance  of  one  foot, 
the  ima«  will  not  be  more  than  on^tenth  of  an  inch  broad. 
The  surmce  of  this  little  circle  is  1600  tiroes  less  than  the 
stifffiice  of  the  lens,  and  consequently  the  density  of  the  sun's 
lays  within  it  is  pr«q;mtionately  increased.    It  is  not  therefore 
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flmrprkiagi  thai  hugs  kmei  and  ninon  hmm  with  iftcraCiblf 
iBtettMiy. 

The  most  ranarkable  barniii(if  leas  which  has  ever  beea 
eoDstnicted,  was  made  hj  Parker,  of  Fleets  reel,  LoodoB^ 
at  an  expense  of  npwaida  of  £fOO.  It  was  nndefftakai  with 
a  Tiew  to  fuse  and  vitrify  tnch  substances  as  lesHt  the  f  res  el* 
ordiaaiy  fumaoes,  and  omm  especially  of  applyine  heat  b 
iracuo,  and  in  other  circumstances  In  which  it  cannot  be  applied 
hj  any  other  means.  After  directing  his  attention  lo  thb  object 
for  several  years,  and  performinp^  a  great  variety  of  esperiments 
in  the  prosecution  of  it,  he  at  last  succeeded.  His  lens  was  of 
flint«glass,  Uiiee  iset  in  diameter,  and  when  fixed  in  its  ftnm^ 
exposed  a  snrftoe  of  two  feet  eight  inches  and  a  half  in  diam^ 
ter,  without  any  other  material  imperfectkm  besides  a  disfi|pwpi 
ment  of  one  dF  the  edges,  occasioned  by  a  piece  of  scoria^ 
which  had  fannd  ils  way  into  its  substance.  Its  weight  was  9IS^ 
pounds ;  its  focal  length  six  feet  eight  Inches ;  ami  tbedianieter 
of  the  fscos,  one  inch.  To  coneentrete  the  rays  still  (iirlheri 
a  second  lens  was  used,  and  reduosd  the  diameter  of  the  focus 
to  half  an  inch.  Soase  of  the  principal  eliscts  of  this  lens  are 
the  following: 

I.  Every  kind  of  wood  took  fire  in  an  instant,  whether 
haid  orgreen,  or  soahed  in  water. 

9.  Thin  iron  plates  grew  hot  in  a  moment,  and  then  meHsdw 
Sw    Tiles,   slates,  ud   all   kinds  of  caith,  weio  alaassl 

instantly  con  vetted  into  glass. 

4.  Sulphur,  pitch,   and  all  lesiaoos  bodies,  meHed 
water. 

5.  Firewood,  exposed  to  the  fboss  oodsf  wafer,  did 
seem  changed,  but  when  broken,  the  inside  was  burnt  to  a  coal. 

6.  If  a  cavity  were  mode  ib  a  piece  of  charcoal,  and  the 
substances  lo  be  acted  npM  were  put  in  it,  Iho  eflbct  of  the 
ISBs  was  m«eh  iocressed. 

7.  Any  metal  whatever,  thus  inclosed  in  the  chaeooal, 
melted  in  a  moment,  the  fire  q[Mirkling  like  that  of  %  foigew 

8.  Tho  ashes  of  wood,  paper,  linen,  and  all  vcgulable 
saibstBWom^  were  instantly  turned  into  a  trnaspareat  glass. 

91  The  snbrtanoes  mesi  dificull  to  be  wrought  upon^ 
those  of  a  white  colour. 

10.  AH  melils  vitrified  on  n  China  pfaite,  when  ft 
thick  as  wit  lo  meft,  and  the  heat  was  gmrioally  commuai* 

II.  When  copper  was  tbos  aseMed,  and  thrown  qoicklf 
inlo  cold  water,  SprodMsdso  viobai  m  shach  as  lo  bssak  tM 
stvaogcit  earthen  vessds,  and  the  copper  was  entirely  dimipatad* 
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I'boogb  the  heat  at  the  focas  was  so  infeniie  as  to  melt  gold 
in  a  few  seconds;  yet  there  was  so  little  heat  at  a  short  dMance 
from  the  foctts,  that  the  finger  might  be  placed  about  an  inch  from 
it  without  injury.  The  proprietor  had  the  curiosity  to  try  what 
the  aeosation  was  at  the  tocus,  and  having  put  his  finger  there 
for  that  purpose,  he  described  the  sensation^  not  as  resembling 
that  produced  by  a  fire  or  lighted  candle,  but  like  that  of  a 
•harp  cut  with  a  lancet* 

If  a  piece  of  wood  be  placed  in  a  decanter  of  water^  and 
the  focus  of  a  laige  burning  glass  be  thrown  upon  it,  the  wood 
will  be  completely  charrecl^  though  the  sides  of  the  decanter 
through  which  the  rays  pass  will  not  be  cracked,  nor  any  way 
effected,  nor  the  water  perceptibly  wanned.  If  the  wood  be 
taken  out,  aad  the  rays  thrown  on  the  water,  neither  the  vessel 
or  its  contents  will  be  in  the  least  aflected ;  but  if  a  piece  of 
metal  be  pot  into  the  water,  it  soon  becomes  too  hot  to  be 
touched,  and  will  presently  boil.  Thouch  pure  water  atone, 
contained  in  a  transparent  vesael,  cannot  be  heated,  yet  if  by  a 
little  ink,  or  any  otner  addition,  it  be  made  of  a  dark  colouri 
or  the  vessel  itself  be  blackened,  the  eflect  speedily  take^  plac^* 

As  all  transparent  substances,  denser  than  air,  when  they 
are  spherically  convex^  or  approaching  to  that  form,  will 
converge  the  rays  of  light,  thev  may,  under  particular  circum* 
stances,  produce  tSeda  which  few  would  suspect.  \  very 
fflobttbr  decanter  full  of  water,  standing  in  an  apartment  where 
it  is  exposed  to  the  fervid  action  of  a  summer's  noon-tide  sun, 
will  oonverire  the  incident  light  with  suflicient  regularity  and 
intensity  to  inflame  any  very  combustible  body  that  may 
happen  to  be  at  the  proper  distance.  We  have  tlie  recollection 
of  a  serious  fire  having  arisen  from  such  a  cause. 

Upon  the  same  principle,  we  may  exphio  another  appear* 
ance  sometimes  obaervable.  If  in  summer,  after  much  dry 
weather,  a  shower  of  rain  falls,  and  the  sun  quickly  after  shinos 
with  full  splendour,  an  accurate  observer  will  detect  a  very 
curious  phenomenon.  Many  of  the  leaves  and  flowers  of  plants 
which  were  entile  before  the  shower,  are  found  to  be  perforated 
with  small  holes.  It  m'^ht  be  supposed  that  the  caterpillar  has 
renewed  his  depredations  with  new  vigour,  but  it  is  found  upon 
closer  examination,  that  the  leaves  he  never  touches  are  no 
more  exempt  frrnn  these  perforations  than  others.  Perhaps  the 
fcUowing  considerations  will  point  out  to  us  the  truth.  If 
water  be  thrown  upon  a  dusty  floor,  it  is  wdl  known,  that  it 
collects  itself  into  small  drops  or  clobules.  If  then  heavy 
drops  of  rain  be  thus  collected  on  the  dusty  kava,  they  will 
in  eflfect  be  little  buming-lenses,  and  when  steadily  exposed 

SO 
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to  the  direct  lays  of  a  hot  mui,  they  may  piodace  the  perfora* 
tions  in  question. 

Burning  minron  ivere  made  in  Teiy  remote  timet;  the 
moat  famous  are  those  of  Archimedes  and  Produs ;  by  the 
former  of  which  the  Roman  ships,  Isesieging  Syracuse,  aoooidiog 
to  the  testimony  of  seyeral  writers,  and  by  the  latter,  the  navy 
of  Vitalian,  bcniepng  Byiantiam,  were  reduced  to  ashes. 
Among  the  modems,  the  burning  mirror  contrived  by  Bnffbn 
is  the  most  remarkable.  It  b  a  polyhedioo,  six  feet  broad, 
and  as  many  high,  consisting  of*  loO  small  niirrart,  or  flat 
pieces  of  looking^gho,  each  six  inches  square;  by  means  ef 
this  compound  mirror,  with  the  &int  rays  of  the  sun  in  the 
month  or  March,  he  set  on  fire  boards  cf  beech-wood  at  the 
distance  of  150  feet*  It  ma^  be  used  to  bum  downwards,  or 
horisontally,  at  pleasure;  for  each  of  the  pieces  that  canpose 
it  is  moveable  by  three  screws,  so  that  it  may  be  set  to  a  proper 
inclinatioa  for  directing  the  rays  towards  any  given  point ;  and 
it  turns  either  in  its  greater  focus,  or  in  any  nearer  interval. 
Buflbn,  at  another  time,  burnt  wood  at  the  distance  of  abort 
800  feet,  and  melted  silver  at  50. 

Of  ihe  Camera  Obseara. 
It  a  hole  be  made  in  a  window  shutter  or  side  of  a  darkened 
room,  the  inverted  images  of  all  external  objects,  from  which 
r^ys  of  light  can  enter  at  the  hde,  mav  be  observed  upon  the 
opposite  wall  of  the  room.  This  is  the  camera  ohecnra  in  its 
aMMt  imperfect  state.  Whether  the  hole  be  small  or  lame,  the 
rays  are  so  much  scattered,  and  partlj^  too  inileoled  by  the  sides 
of  theapertur^  that  the  picture  is  indistinct,  and  little  iote* 
Rstinf .  But  if  a  convex  glass  be  applied  to  the  hole,  the 
pencils  of  divergent  rays  proceedinf^  from  the  illuminated 
objects  without,  are  coQveqped  to  their  proper  fed,  and  if  a 
screen  be  placed  there  to  receive  them,  a  picture  is  formed 
by  them,  incomparably  superior  to  the  happiest  efiifts  of  the 
painter's  skiU.  A  huge  lens,  with  a  coosideiable  fecal  distanoe, 
forms  the  best  inmge,  which  is  also  the  most  beautiful,  when 
the  extemal  objects  arc  all  nearly  at  the  same  distanee.  When 
they  are  verv  unequally  distant,  soom  confusion  arises,  beoauee 
the  foci  of  the  pencils  of  rays  proceeding  from  thea  require 
the  j^ass  to  be  at  diffisreat  distancfs  from  the  sciesn,  and  no 
arrangement  can  be  made  to  admit  of  this  adjustment  The 
eye  is  a  natural  camera  obscnra,  and  we  find  that  we  cannot  aee 
a  near  and  a  distant  object  distinctly  at  the  same  aMmanl;  if 
we  look  at  the  near  oiiey  the  arystaline  lens  adjusts  iiaolf  so  thsA 
the  layi  from  it  areduly  oonveiged  upon  the  lelina;  if  we  look 


OPTICS.  467 

Camerm  oiMcnn* 


at  the  further,  another  adjuatiiient  eoMMs,  or  the  rays,  from 
their  less  divergence,  would  not  form  a  distinct  picture  on  the 
retina.  Hence  as  we  cannot  hope  to  exceed  the  works  of 
mtttre,  we  must  be  satisfied  with  altering  the  position  of  the 
glass  or  the  screen,  to  suit  the  objects  we  most  wish  to  have 
dear  and^ell  defined. 

It  is  necessary,  in  this  experiment  of  the  camem  obscura, 
that  the  window  should  not  be  opposite  the  sun,  otherwise  we 
shall  ha?e  no  image  but  that  of  nk  brightness;  and  yet  it  is 
necessary  also,  thai  the  sun  should  illuminate  strongly  the 
objects  whiah  are  to  be  depicted  within,  or  the  rays  will 
be  sent  so  feebly  from  every  part,  that  the  piclure  will  not 
be  brilliant.  The  inverted  position  of  the  image  shown  by  this 
camera  obscuni,  b  rather  an  imperfection;  but  if  you  take  a 
looking-glass,  and  hold  it  before  yon,  with  the  face  towards 
the  picture,  and  inclining  downwards,  the  image  will  be  seen 
Meet  in  the  glass,  and  appear  with  greater  brilliancy  than  upon 
the  screen.  The  colburmg  of  the  picture  is  exquisitely  soft  and 
delicate,  every  part  is  in  due  proportion,  the  light  and  shade 
are  distributed  with  the  roost  accurate  propriety,  and  the 
motbns  of  all  objects  perfectly  expressed.  Thus,  in  faithful 
miniature, 

— -**'  HiOst  dalM,  sad  vmmmIs  ippesr, 
Flocks  grue  the  fields,  turds  wiog  the  silent  nir. 
In  darkened  rooms,  where  light  can  only  pass 
Through  the  small  sarftce  of  a  convex  ^ass : 
On  the  white  sheet  the  movhig  ignna  rise. 
The  ibrsit  wmvee»  doida  float  along  the  skiet," 

The  camem  obscnra  is  frequently  made  of  a  portable  uztf 
and  sometimes  so  small  that  it  may  be  carried  in  the  pocket. 
The  construction  of  them  is  sometimes  a  little  varied,  but  they 
are  all  essentially  the  same  in  principle.  The  section  of  the 
one  we  shall  describe,  is  shown  by  fig.  3,  pi.  V.  It  consists  of 
a  ledangnlar  box,  ABCD,  in  the  front  or  which  slides  a  tube 
F.  At  the  extremity  of  this  tube  is  a  double  convex  lens  EH. 
A  plane  asifiory  8T,  is  contained  within  the  box,  and  set  at  an 
•D^of  46  dames.  The  pencils  of  rays  flowing  from  external 
oJbjieels  tluooga  the  convex  glass,  are  reflected  inwards  by  this 
asimr,  and  meet  in  points  on  IK,  which  is  either  a  piece  of 
oiled  paper,  or  what  is  still  better,  a  piece  of  glass,  of  which 
the  polish  has  been  lemoved  from  one  side,  by  rubbing  it  with 
sandatooe  and  mtetm  To  an  eye  looking  from  the  top  down^* 
ward  npoo  the  glass  IK,  a  distinct  picture  of  external  objects 
in  their  pioper  cdoors^will  be  perceived,  and  with  a  blacks 
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lead  pmctl  their  ootlincs  nay  be  traced  upon  the  semt-tFampa* 
rent  glasa,  the  roai^h  side  of  which  should  always  be  nppemiost. 
The  Tiew  will  be  inverted  with  respect  to  right  and  left,  Inrt 
when  the  outlioe  has  been  finished,  if  the  glass  be  taken  and 
turned  down  upon  a  piece  of  damp  paper,  nnd  subjected  to  a 
gentle  pressure  for  a  short  time,  the  pencil  marks  on  the  glass 
will  be  transferred  to  the  paper,  and  the  right  and  left  side  of 
the  drawing  will  conespono  to  those  of  the  objects  they  aie 
meant  to  represent.  Tne  picture  formed  upon  the  ghns  IK, 
should  be  (md  as  much  as  possible  from  all  extraneous  light: 
it  should  therefore  ha?e  a  thin  board  in  the  position  BY,  and 
from  Y  should  be  suspended  a  curtain  of  black  silk,  which 
should  extend  over  the  ends.  The  inner  surface  of  tlK»  board 
YB,  and  all  the  internal  parts  of  the  instrument,  should  likd* 
wise  be  blackened. 

The  tube  in  which  the  conTex  glass  EH  is  fixed,  slides  in 
the  forepart  of  the  box,  in  order  that  the  distance  of  the  glaas 
may  he  adjusted  to  the  distance  of  outward  objects,  and  the 
proper  distance  is  soon  discovered,  because  the  picture  is  then 
the  mo<st  distinct.  This  oortable  cameia  obscura  may  be  made 
in  the  form  of  a  book,  Which  will  contain  within  itself  every 
part  of  the  instrument  except  the  tube. 

The  mirror  of  a  camera  obscura  is  commonly  made  of  glass, 
which  contributes  not  a  little  to  render  the  instrument  imperfect, 
for  the  first  surface  of  the  glass  reflects  a  part  of  the  incident 
light,  and  forms  an  image  which  the  reflection  from  the 
silvered  side  does  not  wholly  eflaoe«  because  the  rays  from  the 
two  surfaces  do  not  coincide;  and  though  the  whole  picture 
appears  exqutsitdy  beautiful  to  the  eye,  at  a  little  distance,  yet 
it  IS  found  upon  trial,  that  the  double,  reflection  defeats  the 
attempt  to  make  a  correct  copy.  The  occasional  use  of  the 
instrument  will,  however,  famish  the  young  student  of  per- 
spective with  many  useful  hints.  A  metallic  mirror,  of  a 
composition  similar  to  that  employed  for  telescopes,  would 
remedy  the  defect  in  question,  but  would  add  exorbitantly  to 
the  expense. 

Dr.  Wollaston  has  found  that  the  image  formed  by  the 
camera  obscura  is  much  improved  by  the  use  of  a  oonvexo^on* 
c«ve  lens  instead  of  the  double  convex  one  usually  emplimd. 
^'he  tendency  of  the  improvement  is  to  make  the  tides  of  the 
picture  as  dbtinct  as  the  central  part  of  it  For  the  Dodor^a 
paper,  see  the  Philos.  Trans,  for  1818,  part  II ;  it  contains  the 
necessary  data  for  deriving  the  greatest  advantage  lioBa  Us 
discovery. 
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Magic  famtenk 


TAe  Magk  LtoMem  and  Phani09magoria. 

The  magic  lantem  is  a  machine  employed  to  tiirow  a  mag- 
Bifietl  iroaite  of  fmintings  upon  glait  or  any  transparent 
substance,  on  a  while  screen  in  a  darkened  chamber.  It  has 
generally  been  devoted  to  the  amusement  of  children,  paintings 
of  a  ludicrous  description  bein^  its  usual  accompaniments ;  but 
it  may  be  employed  with  propriety  to  illustrate  the  principtes  of 
the  sciences,  by  a  selection  or  suitable  diagrams. 

A  section  of  this  machine  is  shown  by  fig.  4,  pi.  Y,  where 
AfiCD  is  a  tin  lantern,  from  the  side  of  which  proceeds  a 
sqnnre  tube,  bnklmCy  consisting  of  two  parts ;  the  outermostof 
which,  nklm^  slides  oyer  the  other,  so  that  the  whole  tube 
■nay  readily  be  lengthened  or  shortened.  In  the  end  of  the 
arm,  nklniy  is  fixed  a  convex  glass  A //  about  de  theie  is  a 
contrivance  for  admitting  and  placing  an  object  </e,  painted  in 
imnitparent  colours,*  on  a  plane  thin  piece  oi  ghss.  A  single 
or  double  convex  glass,  o  A  f ,  is  empbyed  to  cast  the  light 
from  the  flame  of  the  candle,  a,  strongly  <6n  the  picture  de^ 
painted  on  the  plane  thin  glass.  From  the  shortness  of  ita 
focus,  and  consrauently  i^eat  convexity,  it  is  usually  called 
the  bulPs  eye.  If  the  object  tf  e,  be  pbced  further  from  the 
|[lass  k  I  than  its  focus,  a  distinct  image  of  the  object  will  be  pro- 
jected by  the  ghss  k  /,  upon  the  opposite  white  wall  or  screea 
FH,  At/fi:,  and  it  will  be  in  an  erect  posture,  provided  care  be 
taken  to  sIMe  the  transparent  painting  invertediy  into  its  reoep- 
tack.  If  the  tube  &  nil:/ mc,  be  contracted,  and  thereby  tne 
glass,  klj  brought  nearer  the  object,  rfe,  the  representation, 
/g,  trill  be  projected  so  much  the  larger,  and  so  much  the 
more  distant  from  the  glass  k  I;  the  image  ma^  also  be  enlarged 
by  drawing  back  the  bintem  to  a  grealer  distance  from  the 
screen ;  but  as  the  image  is  enlarged,  the  same  quantity  of  lifht 
is  spread  over  a  greater  surface,  and  consequently  it  diminishes 
in  distinctness. 

The  apartment  in  which  the  exhibition  is  made,  should  be 
completely  darkened,  and  no  light  should  escape  from  tho 
lantern  except' what  passes  through  the  glass  ft  A  c.  To  increase 
the  .light,  a  concave  reflector,  8T,  is  mqoeatly  used,  of  such 
a  curvature,  that  the  candle  is  in  its  focus^  so  that  the  rays  mo* 
cpeding  from  it  Ml  parallel  upon  the  gbss  bhe.  The  glasi 
U|)on  which  the  pictures  are  made,  is  generally  of  suflident 
length  to  contain  several  sets  of  figures;  so  that  when  the  spec* 
taton  are  satisfied  with  the  first  set,  b^r  sliding  the  same  glass  a 
little  further  on,  another  figure  is  exhibited. 

The  exhibition  caUed  the  Phaotasasagoria,  whichhas been 
so  much  admiredi  is  perfi>rmed  by  means  of  a  asagic  lantont 
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gmtaBj  one  of  czlnofdimfy  diowniioM,  bal  in  otiier  rapeds 
Bol  nmdi  Tvied  u  Us  eomtracAm^  In  the  oommon  lanicni^ 
the  teuet  aie  pauicd  Oft  the  claK,  aad  all  the  lert  of  the  g^av 
it  hnUio^Miwiit^  ooowqaentfy  the  inaiec  on  the  scfcen  ia a 
circle  of  l^t  with  the  fignici  in  the  midilof  U;  hot  in  the 
PhaatanBagDtiay  the  whole  of  the  gla«  is  made  opaqne^ 
exoepC  the  space  taken  np  by  the  %nies  painted  with  the 
tianspaicnt  coloofSf  hmct  this  difierence  in  the  tStd  is  pio* 
dnced,  that  no  li^ht  frUs  upon  the  screen  bnt  what  paves 
thniaah  the  fi^^res  ihemsriTC^  consequentlj  there  is  no  circle 
of  light,  or  any  thiag  hot  the  figures  npon  the  screen.  To 
complele  the  deception  which  this  change  may  be  made  to  pro> 
doop,  the  foHowinf?,  or  some  equivalent  arrangement  mast  be 
lesorted  to.  Let  the  door  of  a  darkened  room,  in  which  the 
eahibitioo  is  to  be  seen,  be  set  wide  open,  and  let  its  place  be 
snppKed  with  a  screen  of  thin  silk,  or  fine  linen,  or  ojf  paper 
leodered  transparent.  From  the  ootside  of  the  room,  let  the 
pictures,  painted  as  above  described,  be  thrown  npon  the 
screen,  of  a  very  minnf  e  siae*  They  will  immediatriy  be  see» 
wtUiin  the  room,  and  thoogh  ramarkably  brilliant,  they  will 
he  supposed  to  he  distant  by  the  spectators,  because  they  sea 
nothing  but  the  light  which  comes  from  them.  Let  the  lantern 
be  drawn  back  to  a  greater  diitanoe  from  the  screen,  and  as  the 
ioMges  are  gradually  enlarged,  the  spectators  will  sappom 
tiiem  to  be  actually  approaching  towards  them,  and  pendant  in 
the  air.  The  Aitf  ddect  in  this  exhibition,  is,  that  the  imagm 
decrease  in  distinctnem  as  they  increase  insiae;  but  this  mi^i 
be  reoMdied,  if  a  contrivance  were  added  to  the  machine,  so 
that  the  mirror  should  be  whcdly  coveted,  and  the  ball's  eya 
cofeied  in  part,  at  the  commencement,  and  giadmdly 
wicovered,  as  more  light  was  required  to  keep  the  ealarced 
ilgnre  as  bright  or  somewhat  brighter,  than  when  it  was  saaU. 

Of  Micro$eopes. 
The  microscope  is  an  instnimeot  ibr  magnifying  small 
oMects.  This  eroct  is  produced  by  means  of  convex  lenses. 
When  only  one  convex  glan  or  lens  is  nsed,  Uie  instrament 
laealled  a  single  aucroaeope ;  but  if  two  or  mom  aro  empkqFed 
eonjoiirtly,  it  is  called  a  dooUe  or  compound  microsoope. 

The  ibtffk  ASanmofe^ 

The  apparent  im^itmfe  of  oiqeofei  is  maasoied  by  the 

angle  wUm  they  ate  seen  nnder  by  the  eye ;  and  those  aarina 

aro  reciprocally  as  the  distances  from  the  eye.     If  eight  incnaB 

he  the  ninimt  Bmit  of  dMinot  Tiuoa  to  the  siahed  ajjreti  and  by 
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SplKnile  micfoicopei. 


interpoBing  a  lens  or  dber  body,  we  can  see  with  eaaal  dutioct- 
IIC88  at  a  nearer  distance,  the  object  will  appear  to  oe  as  mack 
birger  through  the  lens  than  to  the  nakea  eye,  as  its  distance 
fiDm  the  eye  is  less  than  the  distance  of  unassisted  vision.  If 
the  focal  distance  of  a  convex  lens  be  one  quarter  of  an  tnch^ 
then  wiU  that  be  bat  one  thirty«aeoond  palrt  of  the  commoa 
limit  of  vision  or  eight  inches,  so  that  the  lineal  dimensions 
of  an  object  ezaminra  with  it  will  be  magnified  98  times ;  the 
surfiice  10S4  times;  and  the, solidity  1,048,576  times;  for 
these  two  last  numbers  are  the  square  and  cube  of  S8.  For  a 
lens  or  spherule  of  any  other  focus,  the  magnifying  power  is 
easily  found  by  the  same  rule. 

The  simplest  microscope  which  can  be  employed  to  aaj 
wseful  purpose,  is  perhaps  that  which  is  made  with  a  drop  of 
water,  suspended  in  a  very  small  hole  in  a  thin  slip  of  brass,  or 
any  similar  material.  Thb  may  easily  be  constructed  where 
BO  other  microscope  can  be  obtained,  and  its  performance  will 
afbrd  not  a  little  pleasure.  A  spherule  of  water,  it  most  be 
observed,  of  the  same  siie  as  one  of  glass,  will  not  magnify  so 
much  as  the  latter,  because,  as  its  density  is  not  so  great,  it  has 
a  longer  focus.  A  small  drop  or  spherule  of  water,  held 
to  the  eye  by  candlelight  or  moonli^t,  without  any  other 
appaiatus,  ma^ifiesin  a  very  surprising  manner  theanimab 
cnla  contained  in  it.  The  reason  is,  that  the  rays  coming  from 
the  interior  surface  of  the  first  hemisphere,  are  reflected  so  as  to 
fiiU  under  the  same  angle  on  the  surfiice  o(  the  hind  bemi»> 

J>liere,  to  which  the  eye  is  applied,  as  if  they  came  from  the 
bcus  of  the  spherule;  whence  they  are  propagated  to  the  eye 
in  the  same  manner  as  if  the  objects  were  plued  without  tne 
qphemle  in  its  focus. 

These  water  microscopes  have  given  rise  to  the  use  of  other 
fluids,  with  several  varieties  of  construction.  Brewster  do* 
■criba  one  in  the  Appendix  to  his  edition  of  Fernson's  lectures. 
Instead  of  water,  he  makes  use  of  veiy  pure  and  viscid  tnrpei^ 
tine,  which  he  takes  up  by  the  point  ot  a  piece  of  wood,  and 
drops  suooessivdy  upon  a  thin  and  well  poUshed  i^ass :  diftift 
quantities  beinc  thus  taken  up  and  dropped  in  a  similar 
manner,  form  tour  or  mora  plano-convex  lenses  of  turpentine 
vamisb,  which  may  be  made  of  any  focal  leMtb,  by  takiiy 
np  a  greater  or  lett  quantity  of  the  fkiid.  The  lower  sutfiux 
of  the  glass  having  been  fir^  smoked  with  a  candle,  the  black 
pigment  below  the  lenses  is  then  to  be  removed,  so  that  no  Itghl 
may  pass  by  their  circumference.  The  piece  of  ghss  is  men 
to  be  perfiwated,  and  surrounded  with  a  toothed  wheel,  which 
can  be  moved  round  the  hole  as  a  centre  by  an  endless  screw. 


47i 


tighllj,  is  ofdcr  Uni 
itj.  Ob  the  apper 
chfccd J  irime  tke  1 


«rdke 


ilHBe  cvnei  thrilMirr. 

MB  m 

0m  the  iSder  aie  illBiBuntcd  hf  a  oIub 

averticalaad  hyiwiial  boIiob  w  thk 

wcraseope  k  thai  CMMtraded,  the  olgBct  to  be~ 

mMthedadcr,  aadthe  arikvicmr  k  ChhiI  tiB  0M of  the 
be  dmcdjr  aader  the  apotair;  and  the  dUrr  kthw 
or  depKwd  bf  the  witial  new,  ta  the  ofa^  be 
the  iKW  <if  the  kH.    hthk  nimrT>  by  t—ky 

dkccdj  bcfev  the  wfoHmsr^  the  dtijpt  mmj  be 

'■ed  vith  a  famtj  of  ■■ftaify  ii^  pofwos.    TheK 
ha^e  beoi  CBobfol  ai  the  oljeoMBMei  of 


Miaale  fjbm  whrffolr*  aahe  raj 
thoie  who  iHife  a  little  |Mtkare  ia 
the  feci  of  the  aioleil  lort  aie  »  ihort7  thM  it 
deobk  atteatiaa  to  cvpkj  then  vcIL    F.  Di  Tine,  of  Na* 

^01  17fi5^  KBtKTciaiffb»glolNdeitotheRfl7al8ocktj* 
laiii;at  of  then  vat  oofytwo  i^ffk  poute  n  dkseler,  aad 
knidtoinaftoifythediaMicrof  aaolMcl640tiBBB;  aaolher 
am  the  aiae  of  oae  PMs  paait,  au«aifyBig  the  dkader 
ISBOtioM;  aad  the  aaHHot  oo  awe  thaa  oaeMf  of  a  Fms 
pomt,  or  the  I44th  part  of  aa  aM:h  hi  dkaHter,  aad  k  lud 
to  auvpiify  the  diamrtrr  of  aa  ob^eol  8560  tuaoB,  aad  ooaae* 

Sly  the  aqoare  of  each  a  dkuaeter  «,S6S,0OO  tiaHB.  Gto- 
ao  ezoeedifigly  auaole  aa  theK,  aere  atoae  tuae  higUv 
priaad^  but  apbenUe  aucfoaoopa  aae  aot  aoar  made  ao  aaall, 
to  avoid  rtouauig  the  tjm.  The  thiid  or  naanot  globale 
abovo-mcotioaedy  oooU  onljr  be  the  &76th  part  of  aa  inch 
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Mode  of  niakiog  glass  spherulet. 

Of  the  various  methods  which  have  been  recommended  for 
making  ghiss  spherules,  the  following  by  Nicholson  is  perhaps 
the  b^.  It  is  observed,  by  this  valuable  practical  writer, 
that  the  usual  method  has  bceu  to  draw  out  a  fine  thread  of  the 
soft  white  glass  called  crystal,  and  to  convert  the  extremity  of 
this  into  a  spherule  by  mcltinj?  it  at  the  flame  of  a  candle.  But 
this  glass  contains  lead,  which  is  disposed  to  become  opake  by 
partial  redaction,  unless  the  management  be  very  carefully 
attended  to.  He  found  that  the  hard  glass  used  for  windqws 
sddom  fails  to  afford  ezcdient  spherules.  This  glass  is  of  a 
dear  brijrht  green  when  seen  edgeways:  (Adams  recommends 
l^lass  of  the  same  kind.)  A  thin  piece,  less  than  one-tenth  of  an 
inch  broad,  was  cut  from  the  edge  of  a  pane  of  glass.  This  was 
held  perpendicularly  by  the  upper  end,  and  the  flame  of 
a  candle  was  directed  upon  it  by  the  blow-pipe,  at  the 
distance  of  about  an  inch  from  the  lower  end.  The  glass 
became  soft,  and  the  lower  piece  descended  by  its  own  weight 
to  the  distance  of  about  two  feet,  where  it  remained  suspended, 
by  a  thin  thread  of  glass,  about  rvrrlh  of  an  inch  in  diameter-. 
A  part  of  this  thread  was  applied  endways  to  the  lower  blue 
flame  of  the  candle,  without  the  use  of  the  blow*pipe.  The 
extremity  immediately  became  white,  and  formed  a  globule. 
The  glass  was  then  gradually  and  regularly  thrust  towards  the 
flame,  but  never  into  it,  until  the  elobule  was  sufficiently  large. 
A  number  of  these  were  made,  and  Ix^ing  afterwards  examined 
Iqr  viewing  their  focal  images  with  a  deep  magnifier,  proved 
very  bright,  round,  and  perfect.  Spherules  are  mounted 
far  use,  by  placing  them  Wl  ween  two  very  thin  plates  of  brass, 
each  containing  a  small  hole  rather  less  than  themselves.  If 
any  imperfection  in  the  globule  is  discoverable,  it  is  placed  ou 
one  side,  so  that  it  may  be  covered  by  the  plates.  The  objects 
may  be  placed  on  the  point  of  a  needle,  the  direction  of  which 
should  be  at  right  angles  to  the  axis  of  the  eye,  to  prevent 
accidents. 

In  using  these  spherule  microscopes,  the  objects  are  to  be 
phced  in  one  focus,  and  the  eye  in  the  other;  and  from  the 
shortness  of  the 'focus,  it  becomes  nearly  impossible  to  view  any 
thing  but  pellucid  objects,  because  the  nearness  of  the  eye 
obscQiei  the  light. 

At  page  873,  we  have  adverted  to  the  discoveries  of  Le* 
wenhotfck  ;  these  were  all  made  with  the  single  microscopes; 
which,  though  roheniles  in  appearance,  were  m  reality  double 
convex  lenses.  He  bequcathea  to  the  Rom\  Society  a  cabiset 
of  microscopes  made  with  his  own  hands.  The  ibcas  of  the 
greatest  manufier  was  at  the  distance  of  Vv  of  an  inch  from  iu 
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Single  microicope.— WollastoD*8  improveaieat  of  the  micriMcope. 

oehtre^  consequently  it  magnifies  the  diameter  of  an  object  160 
limes,  the  superfices  25,600,  and  the  soliditj  4,096,000,  on  tfie 
supposition  that  distinct  vision  is  not  naturally  e^cted  nearer 
than  eight  inches,  which  is  an  average  distance. 

In  all  niicroJBCopes,  it  is  desirable  to  have  the  means  of 
viewing  objects  with  ease  and  steadiness.  The  Mtowing  form 
of  a  single  microscope  is  very  convenient.  AB,  fig.  5^  pi.  Vf 
h  a  tabirt  of  wood,  ivorv,  &c.  to  which  is  fitted  a  small  nadb 
of  the  same  material.  Upon  the  top  of  it  is  fixed  a  small  cyli»* 
drical  stem,  G,  and  tliis  stem  receives  the  frame  containing  a  leas 
C,  at  the  fociU  distance  of  which  a  small  pair  of  plien  boMliag 
the  object,  may  be  pbced  by  means  of  a  dide  and  ad|usli^g 
screw  L.  The  pliers  are  cpened  by  naeaBs  of  two  little  stads^ 
a  e.  The  eye  is  at  the  other  focus  of  the  lens,  and  the  object  it 
of  course  seen  magnified  according  to  the  power  of  the  lens 
employed.  This  mstrument,  incloMd  in  a  case,  mav  be  cavried 
in  the  pocket  without  encumbrance.  Lenses,  the  uical  lengths 
of  which  are  from  three  to  five-tenths  of  an  inch,  are  the  most 
suitable  for  ordinary  use. 

Dr.  WoUaston  has  proposed  an  improvement  of  miciot- 
copes,  which  is  new  and  ingenious.  The  great  desideratomt 
be  observes^  in  employing  high  magnifiers,  is  sufficiency  of 
light;  and  it  is  accordingly  expedient  to  fnake  the  aperture  of 
the  little  lens  as  largpe  as  is  consistent  with  distinct  vision.  Bat 
if  the  object  to  be  viewed  is  of  such  magnitude  as  to  a|ipcat 
under  an  angle  of  several  degrees  on  each  side  of  the  centre^ 
the  requisite  distinctness  cannot  be  riven  to  the  whole  aurfima 
by  a  common  lens,  in  consequence  of  the  confusion  occasiooail 
by  the  oblique  tncideuce  of  the  lateral  rays,  excepting  by  moana 
of  a  very  small  aperture,  and  proportionable  dimmution  of  light. 
In  order  to  reinedy  this  inconvenience,  he  used  two  planiH 
convex  lenses  ground  to  the  same  radius,  and  applied  theiv 
pbme  surfaces  on  opposite  sides  of  the  same  aperture  io  a  thii» 

Eiece  of  metal.  Thus  he  virtually  obtained  a  double  oodvcz 
ns,  with  this  advantage,  that  the  passage  of  obique  rays  was 
at  right  angles  with  the  surfaces,  as  well  as  the  ceikial  peadL 
Wit^  a  lens  so  constructed,  the  perfosation  that  appeaaBd  to 

Sive  the  most  perfect  distinctness,  was  about  one-mh  patt  ef 
le  focal  length  in  diameter,  and  when  such  an  apailttraia 
mO  centred,  the  visible  field  is  at  least  aa  much  as  twenty 
degiees  in  diameter.  It  is  trne,  that  a  portion  of  Ugbt  is  lool 
by  doubling  the  number  of  surfiiocs,  but  this  is  more  Umn  ooow 
pensated  by  the  greater  aperture  which,  under  these  drciUD* 
stanocsy  is  compatible  with  distinct  vision. 
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ElUs*s  single  aquatic  Microscope. 

This  instrament  takes  its  name  from  John  Ellis,  the  author 
af  an  essay  towards  a  natural  history  of  corallines,  and  many 
curious  zoophytes.  It  enabled  him  io  pursue  his  investigations, 
relative  to  tne  stmciure  and  economy  of  these  wonderful  pro* 
Auctions  of  Nature,  with  considerable  sticccss,  and  it  is  well 
adapted  to  show  botanical  subjects.  It  is  simple  in  its  construe* 
lion,  very  portable,  and  commodious  iu'use.  It  is  represented 
by  fc.  6,  pi.  V. 

Tlie  wnole  apparatus  is  oontained  in  a  small  box  or  case,  K, 
irhich  is  ^neraliy  covered  with  &fa*skin.  On  the  top  of  the 
tx>x  there  is  a  socket,  for  veceiviRg  the  screw  which  is  at  the 
bottom  of  the  brass  pillar,  A,  when  the  instrument  is  prepared 
for  use*  D  is  a  cylindrical  brass  pin,  which  exactly  fills  and 
alides  up  and  down  in  'a  hole  arilled  in  the  middle  of  the 
|iillar  A.  The  pin  D  is  moveable,  in  order  to  adjust  the  lenses 
to  their  focal  or  proper  distances  from  the  object.  It  may  be 
fastened  at  any  height  by  the  screw  Z ,  which  presses  i^tnst  it ; 
at  the  top  of  it  is  a  socket,  to  receive  the  arm  or  bar  E,  which 
icarries  the  magnifiers.  The  arm  E  may  be  moved  backwardft 
and  forwards  in  the  socket  X,  and  sideways  by  turning  it  with 
the  pin  D ;  so  that  the  magnifier  which  is  screwed  into  the  ring 
at  toe  end  of  the  bar  £,  may  be  easily  made  to  traverse  over 
any  part  of  the  object  lying  on  the  stage  or  plate  B« 

F  is  a  polbhed  silver  speculum,  with  a  magnifying  lens 
placed  at  the  centre  of  it,  which  is  perforated  for  the  purpose. 
The  silver  speculum  screws  into  the  arm  £,  as  at  F.  G, 
another  speculum,  with  its  lens,  which  b  of  a  diflerent  magni* 
fying  power  to  the  former.  H  is  a  brass  semi-circle  which 
supports  the  mirror  I ;  the  pin  R  of  this  semi-circle,  passes 
through  a  hole  towards  the  bottom  of  the  pillar  A.  B,  the  stage 
on  which  the  objects  are  to  be  placed ;  it  fits  into  a  small  dove- 
tailed arm  which  is  at  the  upper  end  of  the  pillar  A.  C,  a 
phine  round  glass,  with  a  small  piece  of  black  silk  stuck  on  it, 
is  used  to  lie  in  a  circular  groove  made  in  the  sta^e  B.  A 
boUow  glass,  like  a  watch-glass,  is  occasionally  laid  on  the  sta^e 
inrtsad  of  the  plane  glatt.  L,  a  pair  of  nippers.  These  are 
fixed  to  the  staee  by  the  pin  at  the  bottom ;  the  steel  wire  rtf 
these  nippers,  slides  backward  and  forward  in  the  socket,  and 
this  socaet  is  moveable  upwards  and  downwards  by  means  of 
the  joint,  so  that  the  position  of  the  object  may  be  varied  at 
pleasure.  The  object  may  be  fixed  in  the  nippers,  stuck  on 
the  point,  or  affixed  by  a  little  gum- water,  Sec.  to  the  ivory 
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cjliwkrX,  vkich 
•f  dieBtppm. 

To  Me  tkii  ciicnMCoiK,  aiter  takia^v  all  the  paita  of  tbe 
oiA  of  Uk  box,  be^tn  bj  Kicvai^  tbe  piDar  A  to 
pass  tbe  pia  K,  of  the  fcvi-cirde  vbich  carries  the 
■Hrror,  tbioasb  tk  i»ok*  which  b  acar  the  hottooi  of  the jpilfar 
A;  pash  the  s«ase  iaio  the  dovcuiail  at  B»  iKdethr  pia  Dialo 
thepiOar;  then  pass  the  bar  E  thffo««rh  the  aacfcct  X,  vhich  b 
at  the  top  of  the  pbl  D,  a«Ml  screw  oae  of  the  Nn^rjuy 
lentei  iato  tbe  rin«^  at  F.  TbcK  operations  arhicb  ate  per* 
formed  is  a  very  diort  time,  ia  a  leas  fiaie,  iatked,  thaa  is 
aeceifary  lodcKribe  tbcin,  prrpnir  tbe  mirrwirope  for  mot.  Let 
the  otgect  be  nam  phoed  etlhcr  apon  oae  of  the  friaoRs  of  the 
alage,  or  in  tbe  nippers  L,  and  in  sacb  a  siianfr  thai  it  nay 
be  as  ncarl J  as  possible  over  the  ceotte  of  the  sUi^e.  Briaf; 
the  speealam  F  orer  the  part  joa  meaa  lo  observe;  tbca  thmw 
as  nsmch  li^bt  as  possible  on  the  specalom,  by  aieaas  of  the 
mirror  I^  which,  it  will  be  petcnwti,  adaiits  of  a  doable 
aiotiow  one  boriinintally — the  other  lo  set  it  in  aay  mpiiiad 
angle ;  the  lif^bt  reoeiTcd  by  tbe  specalom  is  rcArctcd  by  it  oa 
tbeobjecL  Tbe  distaaoe  of  the  km  F  from  the  object,  isrega* 
hied  by  moriog  the  pin  D,  op  and  down,  until  a  distinct  view  of 
it  is  oMained.  Tbe  best  mle  is,  to  place  the  lens  beyond  its 
focal  distance  from  the  object,  and  then  gradnally  to  slide  it 
down  till  tbe  object  appears  clear  and  well  definoil.  The 
adjostment  of  the  lenses  to  their  loci,  and  the  dislribation  of 
the  light  on  tbe  object,  are  what  require  tbe  nioslattentioa; 
bet  the  management  of  tbe  instrument  is  easily  aoqaired  by  a 
little  practice. 

This  microscope  is  sometimes  furnished  with  a  raek  aad 
pinion,  for  more  steadily  eleratiog  or  depressing  the  pia  D^  in 
adjusting  the  lens  to  its  focus. 

The  Hand  Megolscope. 
This  instrument  was  contrived  by  Martin,  and  is  well 
adapted  for  viewing  the  larger  sort  of  small  objects  expedi* 
tiously.  A,  fig.  7,  pi.  Y,  is  the  case  of  brass,  tortoise  shdU 
tec*  with  its  three  lenses  D,  £,  F,  each  sat  rounded  by  a  rim  or 
frame  of  the  same  material  as  the  case.  H  is  the4iandle.  Tbe 
lenses  are  commonly  of  1,  1|,  and  2  inches  ibcas ;  as  they 
all  move  on  the  same  pin,  they  turn  over  each  other,  and  caa 
be  used  either  conjoiolly  or  separately.  The  tbrse  lenses 
Mngly,  afford,  of  course,  three  magnifying  powers,  and  by 
combining  two  and  two,  we  obtain  three  more :  for  D  with  E 
makes  one,  D  with  F  another,  and  £  with  F  a  third ;  and  all 
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three  together  make  another ;  so  that  by  this  simple  anpaHitttfl 
tre  ha?e  seven  different  magnifying  powers.  Wnen  the  three 
lenses  are  combined,  it  is  better  to  tarn  them  in,  and  kx>k 
through  them  bj  the  small  apertures  in  the  si^es  of  the  case, 
the  eye  will  not  then  be  incommoded  by  external  light;  the 
distortion  of  objects  by  the  sides  of  the  glasscsi  will  be  prevented, 
and  the  eye  will  coincide  more  exactly  with  the  common  axes  of 
the  lenses. 

Double  or  Compound  Mkroscope. 

Compound  microscopes  present  to  the  eye,  not  the  object 
itself,  like  the  single  microscope,  but  its  image. 

In  treatinfi^  of  these  instruments  and  of  telescopes,  the  glass 
which  is  next  to  the  inject,  is  called  the  object-glass,  and  the 
lens  or  lenses  next  to  the  eye  are  called  eye-gkisses. 

^W*  U  pl-  VI,  represents  the  twb  lenses  of  a  compound 
microBoope:  a&cisa  small  object,  placed  at  a  little  greater 
Htstanoefrora  the  object  glass rfe/,  than  its  principal  focus: 
pencils  of  rays  proceeding  from  the  object,  pass  through  the 
l^lass,  by  which  they  are  converged,  and  united  in  points  at 
ABC,  where  an  image  is  formed,. which  is  larger  tnan  the 
object,  in  proportion  as  the  distance  B  e  exceeds  the  distance 
e  c.  The  eye-glass,  DBF,  is  so  placed,  that  its  focus  is  at  B^ 
and  the  eye,  to  view  the  image,  must  be  about  the  same  distance 
on  the  other  side.  The  rays  of  each  pencil  will  be  parallel  after 
going  out  of  the  eyeglass,  but  they  will  be  again  converged  by 
the  refractive  powers  of  the  eye,  and  will  form  on  the  retina, 
a  large  inverted  image  of  the  object;  for  it  is  evident  that  it  iu 
seen,  by  the  interposition  of  the  glmes,  under  the  angle  IFD, 
instead  of  the  angle  which  to  the  naked  eye  would  be  contained 
between  bio* 

The  magnifying  power  of  this  microscope  is  easily  comput- 
ed. In  the  first  place,  the  image  AC  is  to  the  object,  as  the 
distance  Be  is  to  the  distance  ec/  and  secondly,  the  image 
AC  will  be  seen  by  the  eye  at  I,  under  the  angle  DIP,  which 
is  equal  to  the  angle  AEG;  and  therefore  the  ima|;e  will  APPf^r 
as  much  longer  than  to  the  naked  eye,  as  the  distance  BE  is 
shorter  than  eight  inches,  (or  the  limit  of  distinct  vision  to  the 
naked  eye;)  so  that,  if  the  distance  ec  be  one  inch,  eB  six 
inches,  and  EB  two  inches,  then  the  image  AC  is  six  times 
longer  than  the  object  a  6,  and  that  image  b  magnified  four 
tiroes  by  the  lens  DF.  Hence  if  four  be  multiplied  by  six,  we 
shall  have  the  total  power  of  the  microscope,  which  niagoifies 
the  diameter  o{  objects  24  times,  their  suporficos  S4  times  24, 
or  576  times,  and  their  soUdity  13,884  times. 
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This  micfwcope  kas  a  larger  fidd  of  rieir  than  a  auaplt 
microactfpe  of  die  ttoe  power,  aad  ks  lidd  of  view  laay  be 
Ibftber  eiilaiged  by  (he  addkioa  of  one  or  two  moie  Icoset 
JMtead  of  the  fiiigie  leoa  1J¥.  The  magaifjinf  poner  of  the 
intCrmBeiit,  with  moie  than  two  leoteB,  nunl  be  oompaled  from 
Iheeftci  of  all  (be  lemei;  or  it  nwy  be  atoeilaiaied  experi* 
taeotalljr  hi  (he  fiiUovifig  maoaer:  Pbuae  pait  of  a  dirided 
ruler  before  the  microtcope^  lo  that,  looking^  (hroafffa  (he  Mitio* 
ment,  yoa  may  see  one  of  its  diTisioni  iiia|;ntfied;  then  opeo 
the  other  eyealto,  and  h>oking  with  it  al  the  ruler  oat  of  the 
laicrascope,  (he  imi^  of  the  ouifntfied  dirision  will  tecni  to 
be  projected  on  the  roler;  and  yon  nay  easily  see  how  many 
diyisioDf ,  of  the  onnnigBified  mler,  measorc  or  ate  cqaai  io  the 
single  magnified  division^  and  that  nomber  is  the  ssagnlfyiiig 
oower  of  the  microscope*  Thus,  if  the  nder  be  diriiled  after 
the  common  way,  into  inches  aad  tenths^  and  one>tea(b  is 
magnified,  so  as  (o  appear  ecjnal  to  three  inches,  yoa  any  coi»» 
elude  that  the  microscope  magnifies  the  diaiaeter  or  les^ih  of 
objects  thirty  times. 

Tke  Sahr  Miero$cope. 

This  microscope  is  sometimes  called  the  camera  obsooas 
nicroscope,  bnt  it  still  more  nearly  resembles  the  magic  laotem 
f n  its  efiect.  The  exhibition  it  affords  is  made  in  a  darkoDcd 
room,  and  it  can  only  be  used  when  the  sun  shines. 

This   instrument  consists  of    one  plane  mirror,    and  two 
lenses;    the  mirror,  so,  fig.  8,  pL  Vl,  must  be  witlioutthe 
window  shutter  du,-  the  lens  a  6  in  the  shutter ;  and  the  leas  m 
within  the  dark  room.    The  lens  a  A  b  inclosed  in  a  brass  tnbe^ 
and  the  lens  rtin  another  smaller  tube,  which  slides  iu  the 
former,  for  the  purpose  of  adjusting  it  to  the  proper  distance 
ttcm  the  object.     The  mirror  can  be  so  turned  bv  adjusting 
screws,  that  however  obliquely  the  incident  rays  EF  fall  upos 
it,  they  can  be  reflected  horisontally  into  the  dark    roomi 
through  the  illuminating  lens  a  b.    This  lens  collects  those  mys 
into  a  focus  near  the  object  c  g;  aiul  passing  on  through  the 
object,  they  are  met  by  the  magnifier  n/  here  the  rays  croasi 
and  proceed  divergently  to  a  vertical  white  screen  preparrd  lo 
receive  them,  on  which  screen  the  image  or  shadow,  f  r,  of  (ha 
object  will   appear.      The  magnifying  power  of  this  instni» 
ment  depends  on  the  dutance  of  the  white  screen;    aad  ia 


S^neral  bears  a  proportion  to  the  distance  of  the  object  e  r  from 
e  magnifier  n;  that  is,  if  the  screen  be  ten  times  that  dntanoe 
•from  the  lens  ir,  the  imaae  will  be  ten  times  as  bug,  and  tea 
times  as  broad  as  the  object.    About  ten  or  twelve  (est  is  the 
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belt  dialaaoe,  for,  if  further  off,  the  linage  wiH  beobscine,  afld 
iU*di*fine(i,  though  larger. 

A  telescope  may  be  converied  into  a  microscope,  by  vemov- 
iag  the  object-glass  to  a  greater  dialaooe  from  the  eye^ghns. 
And  since  the  distance  of  the  image  is  yariout,  according  to 
the  distance  of  the  object  from  the  focus ;  aad  it  is  magnified 
the  more,  as  its  distance  from  the  object  is  greater;  the  sam0 
teieseope  may  be  successively  converted  intomncroioopes,  'vrbidl 
wat^niff  in  different  degrees* 

Opaque  Microscope* 
The  solar  thicriiscope  above  described,  is  calcobted  only  to 
exhibit  transparent  objects,  or  at  least  svch  as  permit  a  part  of 
tfie  incident  light  to  pass  throvgh  th^m;  to  view  opaque 
objects,  another  mirror  mnst  be  lued,  in  order  that  they  nmy 
he  seen  t^  the  light  they  reflect.  In  fig.  3^  pi*  YI,  the  mirror 
a,  and  the  lens  e,  are  the  same  as  in  the  common  solar  micfos* 
oope;  bat  (he  converging  rays  from  c  are  met  by  a  mirror  e  n^ 
pfanoed  diagonally,  aiKi  which  throws  up  the  rays  much  con- 
densed upon  the  opacjue  object  SR ;  from  the  object  they  are 
vsflected  io  the  magnifier  O,  from  which  they  proceed  diverging 
to  the  screen  p  9,  where  the  object  will  be  painted  and  greatly 
magnified.    The  obfeets  are  raierally  stac^  by  a  wafer,  or 

Cm>waler,  to  a  thin  slider  of  wood,  and  not  placed  in  the 
;tts  of  the  lens  C,  to  prevent  their  being  bwmt. 

Of  Micrascapk  Objeeii. 
Whatever  object  offers  itself  as  the  subject  of  oor  examina-^ 
fion  with  the  microscope,  the  sine,  coniextore,  and  nature  of  it, 
are  first  to  be  consiocrad,  in  order  to  exaorine  it  with  socb 
gfawses,  and  in  such  a  maimer,  as  nmj  show  it  best.  The  firdt 
step  should  always  be  to  view  the  whole  of  it  together,  with  a 
magnifier  that  will  lake  the  whole  of  it  in  at  once ;  and  after 
this,  the  several  parts  of  it  may  the  moie  fitly  be  examined, 
whether  remaining  on  the  object  or  separated  from  it.  The 
smaller  the  parts  are,  the  more  powerAil  ooght  the  magnifien  to 
be  which  are  employed.  The  tnmsparency  or  opacity  of  the 
object  most  abo  be  considered,  and  the  glassee  employed  must 
be  sdeeted  accordisgly ;  for  a  transparent  object  will  bear  a 
modi  greater  magni&r  than  one  which  is  opake,  since  the 
nearocm  of  the  eye,  when  a  high  nmgnifier  ia  used,  unavoid* 
oUy  darkens  an  oijject^  in  its  own  nature  opake,  and  renden  it 
wery  difficult  to  be  seen,,  unlem  fair  the  help  ot  an  apparatus  con* 
tmtd  isr  that  pmrposoy  like  Ellis^s  micrasa^,  with  a  silver 
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tpecalam.  Most  objects,  however,  become  transparaiC  by 
being  divided  into  extremely  thin  parts. 

The  nature  of  the  objec^  also,  whether  it  he  alive  or  dead, 
a  solid  or  a  flaid,  an  animal,  a  vegetable,  or  a  mineral 
substance,  must  likewise  be  considered,  and  all  the  circum* 
stances  of  it  attended  to,  tliat  we  may  proceed  in  the  mo«t 
advantageous  manner.  If  it  be  a  living  object,  care  most  be 
taken  not  to  squeese  or  injure  it,  that  we  may  see  it  in  its 
natural  state  and  full  perfection.  If  it  be  a  fluid,  and  that  too 
thick,  it  must  be  diluted  with  water;  and  if  too  thin,  we 
should  let  some  of  its  watery  parts  evaporate.  Some  substances 
are  fittest  for  observation  wnen  dry,  others  when  moistened, 
and  others  after  they  have  been  kept  for  some  time. 

Light  is  the  next  thing  to  be  taken  care  of,  for  on  this  the 
truth  of  all  our  observations  depends ;  a  liWe  experience  wUl 
show  how  ver;^  difiereotly  obiects  appear  in  one  degree  of  it  to 
what  they  do  in  another.  Hence,  every  new  object  should  be 
viewed  in  all  desriees  of  light,  from  the  greatest  glare  of  bright- 
ness to  perfect  obscurity ;  and  in  all  positions  to  each  degree, 
till  we  obtain  all  the  evidence  we  can  of  its  form  atid  figure. 
In  many  objects  it  is  very  difficult  to  distinguish  between  a 
prominency  and  a  depression,  a  black  "shadow  and  a  Uadr 
stain ;  and  in  oolonr,  between  a  bright  reflection  and  whiteness. 
The  eve  of  a  flv,  in  one  kind  of  light  appears  like  a  lattice 
drillea  full  of  holes,  in  the  sun*shine  like  a  solid  substance 
covered  with  golden  naib;  in  one  position  like  a  surface  covered 
with  pyramids,  in  another  with  cones,  and  in  others  with  still 
diflbrent  shapes. 

The  d^iee  of  light  most  always  be  suited  to  the  object.  If 
that  be  dank,  it  must  be  seen  in  a  full  and  strong  light ;  but  if 
transparent,  tlie  light  should  be  prapoitionabTy  weak;  for 
wbicn  reason,  there  i»a  contrivance,  both  in  the  single  and 
double  microscope,  to  cut  off  the  superabundant  rays,  when 
such  transparent  objects  are  to  be  examined  with  tile  largest 
magnifiers.  The  light  of  a  candle,  is,  for  many  objects,  and 
especially  for  such  as  are  very  bright,  transparent  and  minute, 
preferable  to  day*li^t :  for  others,  a  sarene  day-light  b  best ; 
but  8un*shine  is  the  worst  light  of  all;  far  it  is  rdlected  from 
objects  with  so  much  glare,  and  exhibits  such  gaudy  obbun, 
that  nothing  caa  be  determined  from  it  with  any  cerhiitthr. 
This  remam  b  not  to  be  extended  to  the  solar  mtcrosoope,  rar 
which  nothing  bat  snn-shine  will  do,  and  the  brighter  it  is,  the 
lx«tter;  with  thb  instrument,  however,  we  do  not  see  the  object 
itself  on  which  the  sunnihine  u  cast,  but  only  the  image  or 
shadow  of  it  greatly  extended  on  a  screen ;  and  therefore  no 
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confasion  can  arise  from  the  glaring  reflection  of  the  sun's  rays 
from  the  object  to  the  eye,  as  with  other  microscopes.  And 
with  the  solar  microscope,  we  must  rest  contented  with  viewing 
the  true  figure  of  an  object,  without  expecting  to  find  its  natural 
colour;  since  no  shadow  can  possibly  exhibit  the  colour  of  the 
body  which  it  represents. 

Most  objects  require  also  some  management,  in  order  to 
bring  them  properly  before  the  glasses.  If  they  are  flat  and 
transparent,  and  such  as  will  not  be  injured  by  pressure,  the 
best  way  is  to  inclose  them  between  two  thin  pieces  of  Mus- 
covy talc,  fastened  by  brass  rings  in  a  hole  made  through  a  slip 
of  metal  or  ivory,  called  a  slider.  By  this  means,  we  may  very 
conveniently  preserve  the  feathers  of  butterflies,  the  scales  of 
fishes,  and  the  farina  of  flowers,  as  also  the  parts  of  insects, 
the  whole  bodies  of  minute  ones,  and  a  great  number  of  other 
objects.  Each  slider  should  contain  three,  four,  or  more 
holes,  which  should  not  be  filled  promiscuously ;  but  all  the 
objects  preserved  in  one  slider  should  be  such  as  require  the 
same  magnifying  power  to  view  them,  that  there  may  not  be  a 
necessity  of  changing  the  glasses  for  every  object;  and  the 
sliders  should  be  marked  with  the  number  of  the  magnifier  to  be 
used  in  viewing  what  it  contains.  In  placing  the  objects  in  the 
sliders,  it  is  proper  to  have  at  hand  a  small  magnifier,  of  about 
an  inch  focus,  to  examine  and  adjust  them  by,  before  they  are 
fixed  down  with  the  rings. 

Small  living  objects,  such  as  lice,  fleas,  bugs,  mites, 
minute  spiders,  &c.  may  be  placed  between  the  talcs  without 
injuring  them,  if  care  be  taken  to  lay  on  the  brass  rings  with- 
out pressing  them  down;  but  if  they  are  too  large  to  be 
treated  thus,  they  should  be  either  preserved  between  two 
concave  glasses,  or  else  viewed  immediately,  by  holding  them 
in  the  pliers,  or  stickmg  them  on  the  point,  with  which  the 
other  end  of  that  instrument  is  usually  furnished. 

The  circulation  of  the  blood  may  be  most  easily  seen  in  the 
tails  and  fins  df  fishes,  in  the  fine  membranes  between  the  toes 
of  a  frog,  or  best  of  all  in  the  tail  df  a  water-newt.  Such  parts 
of  objects  of  this  description  as  are  intended  to  be  particularly 
viewed,  must  be  expanded  within  a  glass  tube;  several  sizes  of 
glass  tubes  usually  accompany  a  microscope,  and  such  a  one 
should  be  selected  at  will  just  admit  the  object,  which  will  then 
lemain  more  quiet  to  be  examined. 

If  fluids  come  «nder  examination,  to  discover  the  animaU 
cula  they  contain,  a  small  drop  is  to  be  taken  with  a  hair 
pencil,  or  on  the  nib  of  a  clean  pen,  and  placed  on  a  plate  of 
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gkti*  If  they  are  too  oumcroiiB  ia  be  Umm  teea  dirfMKtljy 
•one  lukewarm  waler  imnst  be  added  lo  the  dvep^  they  will  theo 
leparalf  aad  niajr  be  tcea  ntresKlj  welL  Bial  if  we  aM  lo  see 
(be  mils  in  a  fluid,  the  oootrary  method  matt  be  obtervod,  ami 
the  iriate  of  glass  most  be  held  gently  over  the  ire,  tdl  pail  of 
the  Tiqaor  is  evaporated. 

The  diswotioa  of  minule  aaimals,  mqaiies  cooaideiable 
patieaot  and  care;  but  maj  be  done  very  aocomtdy  by  mea» 
of  a  Modle  and  a  floe  laaoei^  piadng  the  subjieot  ia  a  drop  of 
water,  for  then  the  parts  will  lendily  aofold  themselFeBy  and 
will  be  Tery  distinctly  seen. 

Such  may  be  the  methods-resorted  to  Cht  pieKnrii^  tran^pa* 
mnt  objects;  but  the  opaque  ones,  sucb-  aa  seeds,  woods,  itc% 
feqoiie  a  fery  diflferent  tieatmeot,  and  are  beii  pfesorved  and 
viewed  in  the  following  mamier  t 

Cut  card^paper  into  small  slips,  about  hUf  an  inch  long, 
and  the  tenth  of  an  inch  broad ;  wet  these  Imlf-way  of  iheic 
length  iu  ^urn-watery  and  with  that  fiwten  on  se? mal  parcels 
of  the  ob|ect.  These  are  ver;^  oonveaieat  for  Tiewing  bv  the 
microscope  made  for  opaqoe  ol^ects  with  the  sUver  spmuum; 
Vai  they  are  pnqper  m  any  mioroscope  adapted  m  opaque 
bodies* 

A  small  box  should  be  coutrifred  for  these  slips^  with  little 
shalfow  holes  for  the  reception  of  each :  and  this  it  convenienUy 
dooe^  by  cutting  pieces  of  pasteboard,  such  as  the  covers  of 
boohaare  made  ot,  to  the  size  of  the  boa,  so  that  they  will  jiisf 
go  into  it;  and  then  cutting  holes  through  tben^  with  a  smaifr 
chisely  of  the  shape  of  the  slips  of  <Sura>;  these  pmteboaids 
having  then  a  paper  pasted  over  their  bottom^  aas  cells  very 
wroper  for  the  lecqptioa  of  these  sUpe^.  whick  may  easily  be> 
taken  out  by  means  ofapaiiof  pUen,  and  will  be  always  nedy 
for  use. 

Great  caution  is  necessary,  iu  forming  a  jodgmeat  oa  whaft 
is  seso  by  the  micioscopet  if  the  <^|ects  are  eatondwl  or  coa* 
trooted  by  foioe  or  diyncss.  Nothing  can  far  deteimiaeil 
leniecting  them,  without  making  the  proper  alhwmoces,  ani 
dioeient  lights  sod  positions  will  oAeu  show  the  same  ob||Bet  as 
very  diflbieai  from  itself •  Tbereianoadvanta^ia  ai^geoaler 
BU||gnifier  tbau  socb  as  is  capable  of  showing  distmwy  Iho. 
obj^  viewed;  and  the  km  the  gbua  mugniiesi  the  oMMa 
pleasantly  the  object  is  seen. 

The  oebum  of  objects  aie  very  little  lo  ha  depmdcj  ou» 
at  seeu  bgr  the  micioscope;  for  theii  several  oaaqponeot  paiti<> 
des  bwig  by  this  meMs  remoYed  to  greater  distaMoi  from 
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anothas  »aj  give  reflections  yery  dlflerent  from  whal  they 
would  if  seen  hy  the  naked  eye. 

^  Tbe  motions  of  living  creatures,  ako,  or  of  ilie  fluids  con- 
tained in  tbeir  bodies,  are  by  no  means  to  be  hastily  judged  of 
from  what  we  see  by  (he  microscope,  without  due  consideralion; 
for  as  the  moving  body,  and  tiie  space  in  which  it  moves,  are 
iioth  magnified,  the  motion  mast  be  so  too;  and  therefore  that 
rapidity  with  which  the  blood  seems  to  pass  through  the  vessels 
of  sihiail  ahimals  murt  be  judged  of  accordingly  i  suppose,  for 
iastance^  that  a  fadrse  and  a  nmuse  move  their  limbs  exactly 
at  the  same  time,  if  the  horse  runs  a  mile  while  the  mouse  runa 
flAy  yards ;  tliough  the  number  of  steps  are  the  same  in  both, 
the  motion  of  tbe  iKNnse  must  notwithstanding  be  allowed  to  be 
the  swiftist,  and  the  motion  of  a  mite,  as  viewed  by  the  naked 
eye  or  through  the  microscope,  is  perhapa  not  less  difierent. 

Of  Telescopes. 

Telescopes  aie  instruments  empl<^ed  for  discovering  and 
viewing  distant  objects.  They  are  of  two  kinds — refracting 
and  rejtcciwg;  the  former  consist  of  diflSsrent  leases,  throu^ 
which  the  objects  are  seen  by  rays  refracted  by  them  to  the  eye ; 
but  the  laltnr  consist  of  specnla,  by  which  the  rays  are 
tcfleded,  and  of  glasses  to  magnify  the  image  formed  by  the 
specnhi. 

Tbe  principal  effects  of  telescopes  depend  upon  this  maxim, 
that  objects  appear  larger  in  proportion  to  the  angles  which 
they  subtend  at  the  eye ;  and  the  eficct  is  the  same,  whether  the 
pencils  of  rays,  b^  which  objects  are  visible  lo  us,  ceme 
oiiectly  from  the  objects  themselves,  or  from  any  place  nearer 
to  the  eye,  where  ikey  may  have  been  united  so  as  to  form  an 
imaipe  of  the  object,  because  they  issue  again,  in  certain  di» 
aectioos,  fiom  tboae  points  where  there  is  nothing  to  inlcroepil 
them,  m  the  same  manner  as  they  did  fiom  the  correspondin|( 
pomts  in  the  objects  tbcmadves.  In  fact,  therefore,  all  that  la 
eficcted  by  a  telescope,  is,  first  to  make  such  an  image  of  • 
distant  object,  by  means  of  a  lens  or  mirror;  and  then  to  give 
the  eye  some  assistance  for  viewing  thait  image  as  near  as  possi- 
Me;  so  that  the  a^;le  which  it  shall  subtend  at  the  eye,  may  be 
very  hnrge  compared  with  the  angle  which  the  object  itself 
would  subtend  in  the  same  situation.  This  is  accomplisbed  by . 
meana  of  an  eyo^ass,  which  so  refracts  the  pencils  of  raya 
that  tbqr  may  afterwards  be  brought  to  their  several  foci  by  the 
bomooft  of  tie  eye.  But  if  the  eye  was  so  formed  as  to  be  aUa 
to  ise  the  hsmgo  with  snflicient  disikinctness  at  the  same  distance 
mthont  ap  eye»|^asip  il  would  appear  as  much  magnified  as  it 
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litiicced  diieydy  to  the  eys-^haiy  AB,  rf 
',  aad  vhkh  OBMi  the  i^s  of  each  iwal  lo 
puaild,  a  vhkh  dnctioB  thcj  oner  the  eye  of  the 
MO. 

The  az»  of  the  two  kMcs  are  roMf  hh«t,  m  Oe  dnediso 
QLO;  Ljf  k  the  focal  distaMeaf  the  obgeol-glaM,  aodEf  is 
the  fecal cfiilaM:e  of  the  cyiiglMi;  ooanqMatfy  the  dklaMe 
betom  the  two  gbwa  is  cqnl  to  theam  of  their  fecal  dis- 
taaoo.  Aa  object  viewed  thioagh  this  trhscaffj  bj  aa  ejre 
•atoatedatO,  will  afipear  mniied  and  distinct,  bwtiMcrtBd. 
The  object seea  withoi^  the  tefenope,  wfll  be,  toils  ^ 
tbmagfathe  telescope,  asf  ElofL;  thai  is,  as  the 
lancgof  Iheqrrglasilo  the  fepd  distaaoe  of  the  obgact^iawu 
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For  the  pencils  of  rays,  which,  after  their  crossing  bX  rqp 
proceed  divergently,  fall  upon  the  lens  AB,  in  the  same 
manner  as  if  a  real  object  were  situated  Birqp^  and  conse- 
quently, after  passing  through  that  lens,  the  rajFs  of  each 
pencil  proceed  parallel.  Now  to  the  eye  at  O,  the  apparent 
magnitude  of  the  object  PR,  is  measured  by  the  angle  BOA, 
or  by  its  equal  pEr\  but  to  the  naked  eye  at  L,  when  the 
glass  is  removed,  the  apparent  magnitude  of  the  object  is  mea- 
sured by  the  angle  PLR,  or  by  its  e(}ual  r  Ljpy  therefore  the 
apparent  magnitude  to  the  naked  eye,  is  to  the  apparent  magni- 
tude through  the  telescope,  as  the  angle  r  L  p  is  to  the  angle 
p  E  r  /  or  as  the  distance  9  E  is  to  the  distance  qli. 

If  the  angles  r  L  /)  and  P^t  were  equal  to  each  other,  the 
telescope  would  not  magnify,  and  they  would  be  equal,  if  the 
lenses  were  of  equal  focal  distance.  Hence,  as  the  magnifying 
power  of  the  telescope  b  produced  by  making  the  focal  distance 
of  the  eye-glass  less  than  that  of  the  object-glass,  it  will  easily 
be  perceiv^,  that  the  greater  the  diftrence  of  the  focal  lengths, 
the  greater  will  be  the  magnifying  power.  In  practice,  how« 
ever,  it  is  found  that  they  may  soon  become  disproportionate, 
in  which  case  the  increased  magnifying  power  is  overbalanced 
by  the  indistinctness  which  ensues.  In  order,  therefore,  to  ob* 
tain  a  very  great  magnifying  power,  with  the  preservation  of  just 
proportion,  these  telescopes  have  sometimes  been  made  one 
nundred  feet  or  upwards  in  length ;  and  as  they  were  used  for 
astronomical  purposes,  or  mostly  in  the  night  time,  thev  were 
frequently  used  without  a  tube,  viz.  the  object  lens  was  fixed  on 
the  top  of  a  pole,  in  a  frame  capable  of  being  moved  by  a 
oord  or  wire  in  any  required  direction,  and  the  eye-glass,  fixed 
in  a  short  tube,  was  held  in  the  hand,  or  fitted  to  another  frame 
a^ot  the  height  of  the  observer,  so  as  to  be  susceptible  of  a 
simultaneoof  movement.  A  telescope  of  this  description  was 
allied  an  aerial  telescope.  Its  use  b  evidently  incommodious ; 
but  such  was  the  incredible  pains  taken  by  philosophers  in 
exploring  the  wonders  which  even  the  imperfect  telescopes  at 
first  constructed  promised  to  lay  open,  that  with  snch  an 
instrument  the  five  satellites  of  Saturn,  and  many  other  remark- 
able objects  were  discovered. 

The  length  of  common  refracting  telescopes  must  be  increased 
in  no  less  a  proportion  than  the  square  of  the  increase  of  their 
magnifying  power;  so  that  in  order  to  magnify  twice  as  much 
as  before,  with  the  same  light  and  distinctness,  the  telescope 
most  be  lengthened  four  times,  and  to  ma^^ify  three  times  as 
flsudi,  nine  times.  On  this  account,  their  unwieldy  length, 
when  great  powen  an  desired,  is  unavoidable* 
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The  txcailUi  of  ui  •bject-ghM  adds  Bothiog  lo  lh«  magnily- 
log  power ;  for  whatever  it  may  be,  the  image  will  be  eqvallj 
fiNnmed  ai  tbe  distance  of  its  focal  length;  but  the  brilliaicj  of 
(he  image  will  be  tncieased  by  the  bn»dth,  as  a  greater  namber 
of  ms  will  then  diverge  fiom  every  point  of  the  image. 

The  magnifying  power  and  the  &;ld  of  view,  in  this  teiei* 
cope,  may  be  inmaaed  by  using  two  plaao>coovex  lenaes, 
combined  so  as  to  act  like  one  ffhus,  and  snch  a  combination  is 
now  generally  empbyed.  Toe  disproportion  above  alloded 
io^  which  ma^r  sabsist  between  an  objool-gbiss  and  an  eye-giaaiy 
arises  from  this  circamstance,  that  a  lens  does  not  coo  very  the 
rays  of  the  same  radiant  point,  ezadl^  to  the  same  refracted 
Ibais,  and  the  indistinctness,  which  is  thus  occasioned  in  tbe 
image,  increases  with  the  thickness  of  the  lens  and  the  in* 
crease  of  its  corvatore.  Hence  arises  a  limitation  to  the  use 
of  highly  magnifying  eye-glasBes.  The  field  of  view  is  enlarg* 
cd  by  colargiog  the  eye>glas;  but  if  a  lens  of  very  short  focus 
were  asade  huge,  the  inegnlsirity  of  its  refkaotion,  would  throw 
the  view  into  ccmfusion ;  if  it  were  made  sufficiently  small  to 

E^vent  this,  it  woald  be  eqnallv  useless  from  its  contracted 
d  of  view,  and  the  want  of  light.  Bat  if  two  piano-convex 
lenses  be  used,  the  curvature  of  both  confointly  will  be  less  thau 
the  curvature  of  a  single  leas  of  equal  magnifying  power;  such 
a  combination  therefore  will  improve  the  eye-gbss  of  a  teles* 
cope,  because  the  aberration  of  tbe  rays  passing  through  it  will 
be  less  than  through  a  single  leas  of  toe  same  Cocus*    Let  IK^ 

Sf.  8,  pL  y,  be  a  plaiioM»nvez  lens,  of  which  the  fiicus  is  at 
,  so  iliat  an  object  placed  at  F  would  be  seen  magnified 
through  it.  If  another  lens  LM  be  phKxd  between  the  first 
lens  and  its  focus,  the  focus  of  the  rays  jpassing  through  both 
will  be  shortened,  and  wiU  fall  at  about  the  distance  /,  so  that, 
when  thus  combined  they  will  act  like  a  siiigle  leas  of  muck 
gieiler  curvature. 

The  Nighi  Glau. 
The  telescope  *called  a  mghl^glasn  is  nothiag  moie  than  the 
fiFmff***"  astionomical  telescope,  with  tubes^  and  made  of  a 
short  length,  with  a  small  nuignifyiag  power,  its  length  is 
usually  about  two  fint,  and  it  Is  genmuly  made  to  roagairy 
fcons  sn  to  ten  times.  It  is  much  used  by  navigators  at  nighty 
fer  the  purpose  of  discoveriM  objects  that  ars  not  very  distant^ 
hut  whicb  cannot  otherwise  be  seen  for  want  of  sufficient  lifhW 
aach  as  vcsseb,  coasts,  rocks,  ftc.  From  the  smallnem  of  iti 
magnifying  power,  and  the  obscurity  of  the  obyeets  upon  whiek 
it  is  emplOTed,  it  adasits  of  large  riasses  baiag  used,  and  coih 
■equently  has  an  extensive  and  wdi«enlightened  field  of  view% 
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The  Terresiriid  Teksafpe^  or  Perspective  Gla$i. 

The  afitronomieal  teksoope,  by  the  use  of  two  additional 
tye-glaMes,  shows  objects  10  their  rig^t  position,  ond  become* 
a  terrestrial  telescope^  or,  as  it  is  still  more  freqaently  called,  a 
perspectiTC  j^bss.  This  telescope  is  shown  bjr  1^.  5,  pi.  VL 
The  lays  of  each  pencil  coming  from  the  image  LM  of  the 
object  IK,  emerge  parallel  from  the  lens  AB,  and  having 
crossed  at  ils  focus,  O,  they  continne  in  that  diivotion  to  the 
lens  EF,  in  consequence  of  which  they  form  an  imace  ST  al 
the  focus  of  the  second  lens,  and  again  diyerging,  tney  &1I 
apon  the  third  lens,  CD,  in  (he  same  manner  as  they  dad  npoa 
the  lens  AB ;  therefore,  after  their  emergence  from  this  last  lens, 
they  fall  parallel  upon  the  eye  at  6.  But  as  the  last  imaga  ST^ 
was  not  inverted  as  at  LM,  but  in  the  same  position  as  the 
object  IK,  the  eve  aeea  a  true  or  oprigbl  piotate,  as  if  the  raj« 
had  come  directly  from  the  object. 

The  last  lens,  or  the  one  nearest  to  the  eye,  in  this  telea* 
cope,  is  mostly  now  made  double,  that  is,  two  plano-convex 
lenses  are  substituted  for  the  doable  convax  one,  for  the  parposo 
af  enhitging  the  fiekl  of  view,  as  pointed  oat  for  the  eye^pieoe 
af  the  astronomical  telescope.  By  this  means,  all  the  btti 
terrestrial  telescopes  contain  fonr  lenses  in  the  tube  next  the  eye. 

The  CfmSlem  Tele$cope. 

A  report  having  reached  the  iUastriooa  Ghdileo,  that  ait 
optical  instrument  had  been  constiucfeed,.  by  means  of  wMcb 
dntant  objects  appeared  as  if  they  ware  neiw ;  that  philosopber, 
forcibly  struck  with  the  advantage  which  might  be  oet i vad  fraas 
the  contrivance,  iaslantty  difectad  his  attention  to  the  disco* 
very  of  its  nature.  The  night  afler  he  heaid  the  aoeaunt,  the 
aonslruction  af  such  an  instrument  ocouned  U>  him ;  the  day 
foUowittff  he  put  the  several  parts  of  it  together,,  and  the  telea* 
aope  which  he  thas  invented  ia  stiH  caUed  by  his  naase.  Witb 
thai  noble  frankness  for  which  he  was  remarkable,  be  forihwitb 
esplained  publicly  tha  stractnie  and  woaderfitl  oses  that  might 
be  made  of  tha  iastrumcnti  and  shortly  after wanl^  as  tha 
iciward  of  his  merit,  the  Repoblia  of  Venice  flMMrothan  tripisil 
the  safaurv  of  his  piafiasorship. 

Galifa/a  telescope  consists  of  a  convex  objeet^ffhas,  and  a 
aanciva  eye-glass,  as  represented  by  Bg.  6^  pl«  VI.  Tha  dla» 
tanoe  between  the  two  lenses  is  less  thin  tha  focal  distance  af 
Iheafajeat-gbMa;  bnl  the  coaoave  gkis  b  sitaatad  so  as  tw  mabi^ 
tfM  layaor  each  pencil  foil  paralid  upontha  tjra,  aa  ia.amieal^ 
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bj  coDceiTin^  the  rays  to  go  back  a^in  through  the  eje-glaas, 
towarda  O ;  EO  beiDg  the  focal  length  of  the  eye-glass. 

When  the  sphere  of  coDcavity  in  l^he  eye»^la88  of  a  Galilean 
telescope  is  eqiml  to  the  sphere  of  conyexity  m  the  eye-glass  of 
another  tdesoope,  their  magnifying  power  is  the  same ;  but  the 
concave  glass  being  placed  between  the  object-glass  and  Hs 
focus,  the  Galilean  telescope  will  be  shorter  than  the  other, 
by  twice  the  focal  length  of  the  eye-glass.  Hence,  if  the 
loigths  of  the  telescopes  be  the  same,  the  Galilean  will  have 
(he  greatest  magnifying  power. 

The  field  of  view,  or  quantity  of  objects  taken  in  by  the 
telescope,  does  not  depend,  as  in  those  with  convex 
glasses,  upon  the  size  of  the  eye»glass,  bat  upon  the  breadth  of 
the  pupil  of  the  eye;  because  the  lateral  pencik  of  rays 
diverge  from  the  axis  of  the  eye-glass  at  their  emergence  from 
it.  Upon  this  account,  the  eye  shoidd  be  placed  as  near  to  the 
eye-elass  as  possible,  in  order  that  it  may  receive  the  greatest 
numoer  of  pencils.  Yet  no  nearness  of  the  eye  will  wholly 
prevent  the  neld  of  view  from  being  more  confined  than  with 
convex  eye-glasses  of  equal  curvature ;  but  this  disad  vanta^  is 
counterbalanced  by  the  valuable  property  of  supcrbr  distinct^ 


The  Achromatic  and  Aplanalic^Object^^lasses. 
The  ordinary  telescopes  which  we  have  hitherto  described, 
will  oiily  bear  a  very  small  aperture,  without  exhibiting  ctrcubtf 

Prismatic  rings  of  colours,  wntch  are  subveriive  of  their  utility. 
Two  causes  contribute  to  this  eflect,  1.  Spherical  surfaces  do 
not  refract  the  rays  of  light  accurately  to  a  point ;  and  2.  The 
rays  of  compounded  light,  being  diflferently  refrangible,  come 
to  their  respective  foci  at  aiflerent  distances  from  the  glass,  the 
more  refrangible  ravs  converging,  of  eourse,  sooner  than  the 
less  refrangible.  Thb  may  be  proved  by  an  easy  experimeol; 
ton  if  the  image  of  a  paper  painted  entirely  red,  and  properly, 
illuminated,  &  cast  by  means  of  a  lens  upon  a  screen,  it  will 
be  formed  at  a  greater  distance  than  the  ima^e  of  a  blue  paper 
cast  by  the  same  lens.  Hence  the  imaM  of  a  white  object  is 
composed  of  an  indefinite  number  of  ooloored  images,  the 
violet  bein^  nearest,  and  the  red  furthest  from  the  lens,  and  the 
images  of  mtermediate  coburs  at  intermediate  distances.  The 
whme  image  is  therefore  in  some  d^ee  confused,  though  ita 
extiemities  are  most  perceptibly  so ;  and  thb  oonfusion  being 
very  much  increased,  not  only  by  the  magnifyinc  power  of 
the  eyeglass,  but  also  by  the  dispersive  power  which  il  has  io 
common  with  the  object-glass,  the  necessity  for  that  limitation 
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vbich  bas  been  already  intimated,  for  a  certain  moderate 
proportion  between  the  object  and  eye-glass,  becomes  very  great* 
iJnder  these  circumstances,  to  increase  the  length  of  retracting 
telescopes  became  the  only  means  of  obtaining  ^reat  magnifying 
powers;  and  though  the  means  of  convergmg  to  the  same 
point,  all  the  rays  of  which  light  is  composed,  btill  remained 
an  object  of  speculation,  the  attainment  of  it  seemed  in  the 
days  of  Newton,  to  be  attended  with  insuperable  dilTicuUies. 
But  however  great  they  were,  they  have  been  nearly  over* 
come,  and  the  signal  merit  of  this  success  is  due  to  our 
countryman  John  Dollond.  By  making  a  compound  leus  of 
three  difierent  substances,  of  ditiercntly  refrangible  powers,  th^ 
rays  of  light  which  were  too  much  disperbed  by  one  convex 
lens,  are  brought  nearer  to  a  uuiun  with  each  olher;  tbo  tele^ 
copes  made  With  an  object*glabs  oi  this  kind  are  now  commonly 
used,  and  are  distuigui^hcd  by  the  name  of  uchromolic  teles* 
copesf,  a  prefix  which  signifies  colourless* 

The  object-glasses  of  Dollond's  telesco|)es  are  compoaccl  of 
three  distinct  knses,  two  of  which  are  convex  and  the  other 
concave.  The  concave  one  is,  by  British  artists,  placed  in 
the  middle,  as  represented  in  fig.  i,  pi.  VK,  where  a  and  c 
show  the  two  convex  lenses,  and  b  b  tlie  concave  one.  The 
two  convex  ones  are  made  of  London  crown  glass,  and  the 
miildle  one  of  white  flint  glass,  and  they  are  all  ground  to 
spheres  of  different  radii,  according  to  the  refractive  powers  of 
the  different  kinds  of  ^luss,  aiid  the  intended  focal  tlistance  of 
the  ubject*glass  of  the  telescope.  According  to  Buscovich,  the 
focal  aiblancc  of  the  parallel  rays  for  the  concave  glasb  is  one* 
half,  and  for  the  convex  glass  one- third  of  the  combined 
locus.  When  nut  together,  they  refract  the  rays  in  the  follow- 
ing manner:  Let  a  bj  aby  fig.  S,  ph  VII,  be  two  led  raya 
of  the  suu\  light  tailing  parallel  on  the  first  convex  lens  c. 
Supposing  there  was  no  other  lens  present  but  outy  they  would 
theu  be  converged  into  the  lines  ^  e,  6  e,  aiid  at  hist  meet  in  the 
focus  f  •  Let^  the  lines  g  A,  g  A,  represent  two  violet  rays 
Iklling  on  the  sutface  of  the  lens.  These  are  also  refracted, 
and  will  meet  in  a  focus;  but  as  they  have  a  i^eater  degree  of 
jrefnuigibility  than  the  r^  rays,  they  nui^t  of  consequence  coo- 
verge  more  by  tlie  same  power  of  refraction  in  the  glavs,  and 
lucet  sooner  in  a  iocus,  suppose  at  r. — ^Let  now  the  concave 
lens,  </  i/,  be  placed  in  such  a  mauuer  as  to  intercept  all  the  rays 
before  they  come  to  their  focus.  If  this  lens  was  made  oi'  ti^p 
same  materials,  a^d  ground  V>  the  same  radius  as  the  convex 
oQf ,  it  would  have  the  same  power  to  cause  the  rays  to  divergei^ 
thai  toe  lorwer  liad  to  luake  them  converge.    In  Uus  case»  ihm 
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ved  raTBWoald  become  parallel,  and  move  on  in  Che  lines  oo^  oo; 
bnt  the  concave  lens  being  made  of  flinf-glaa,  and  npoa  a 
shorter  radios,  has  a  gmtcr  leAactive  power,  and  thcreftte 
Ihejr  diverge  a  little  after  they  come  out  of  it ;  and  if  no  thiiri 
lens  was  interposed,  they  would  pioored  divcrgii^  in  the  lines 
opij  opt;  but,  by  the  interposition  of  the  thira  lens  ova^ 
they  are  again  made  to  converge,  and  meet  in  a  focus  somewhat 
more  distant  than  the  former,  as  at  jr.  By  the  concave  lens, 
flie  Tiokt  njs  are  also  refiacled,  and  made  to  diverge ;  but 
having  a  greater  degree  of  refrangibility,  the  same  power  of 
refraction  makes  them  diverge  somewhat  more  than  the  red 
ones;  and  Uius,  if  no  third  lens  was  interposed,  th^  would 
proceed  in  such  lines  as/mir,  Imn.  Now  as  tte diAiently 
coloured  rays  fail  upon  the  third  lens  with  dtfirent  d^gms  oiF 
divergence,  it  is  plain,  that  the  same  power  of  reftaidion  in 
that  lens  will  operate  upon  them  in  such  a  manner  as  to  bring 
them  all  together  to  a  locus  Tery  nearly  at  the  same  point.^  The 
led  rays,  it  is  true,  require  the  greatist  power  of  refraction  io 
bring  tbiem  U^  a  focus,  but  tbev  fall  upon  the  lens  irith  the 
least  Aegjne  of  divergence.  The  violet  rays,  though  they 
require  the  least  power  of  refraction,  yet  nave  the  giiniUI 
degree  of  divergence,  and  thus  all  meet  together  at  flie  point  r, 
or  very  nearly  so. 

The  achromatic  eflect  may  be  produced  by  the  unioo  of 
one  convex  and  one  concave  lens,  but  not  so  perfectly  as  with 
three  lenses. 

To  proportion  accurately  the  densities  of  (he  ghsaes  to  each 
other,  requires  much  prmssional  pnctioe  and  attention. 
Experiments  with  the  lenses  after  they  are  perfbctly  IhiiAed 
can  alone  be  depended  od.  Tho  essential  parts  of  Idesoopes 
being  few  and  cheap,  the  manufacture  of  them  is  frequently 
attempted  by  individuals  for  the  purpose  of  amusement;  and  in 
every  kind  of  telescope,  but  the  achromatic,  they  havi^  with  a 
due  de^^ree  of  perseverance,  a  fair  hope  of  success.  Bnt  in 
ntlemptmg  to  form  an  achromatic  object-glass,  hovrevcr  well 
they  may  think  th^  have  selected  thdr  glass,  and  proportioned 
the  curvatures  of  the  surfaces,  they  wiU  be  almosl  certain  to 
find  that  a  single  set  of  lenses,  when  combined,  produce  an 
effect  that  disappoints  their  expectations.  To  succeed  oerfiMt* 
ly,  they  must  therefore  make,  from  diftrent  parcels  or  glass, 
a  considerable  number  of  lenses,  with  sll^t  diflferencm  ot  cur- 
lidure,  and  those  must  be  selected  which  will  bear  the  largest 
aperture  and  magnifyuig  power.  But  thb  would  leadbr  the 
undertaking,  fox  the  sake  of  one  or  two  tnstruuMnts.  an  Her^ 
coleaa  hUxmri  which  would  not  bring  to  any  ptffale  mdhidual 
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HO  adequate  recompense,  and  iihich,  from  the  number  of 
imperfect  telescopes  which  are  roanufiictured  hy  those  in  the 
moat  extensive  line  o^  business,  it  would  appear  that  opticians- 
tbemseives  do  not  fully  enter  into  the  spirit  of.  It  has  beeo 
very  generally  said  and  believed,  tba't  Oollond  made  his  original 
experiments,  and  constructed  those  excellent  three-foot  glanes^ 
(which  at  present  bear  so  high  a  price,  and  are  not  to  be  made,) 
with  one  sin;;le  parcel  of  glass,  which  accidentally  proved 
superior  to  any  that  has  since  been  produced. — ^Nicholson  ha« 
rendered  it  extremely  probable  that  this  is  a  vulgar  error;  the 
proj^rietor  of  the  glass-house  having  assured  niro,  that  the 
original  receipts  and  practice  are  still  rollowal  in  the  making  oC 
optical  ghiss :  that  the  principal  opticians  always  complain  of 
the  bad  Quality  of  the  ^ss,  but  never  fail  to  take  the  whole 

Siantity  b^  makes  at  their  request ;  and  that,  when  they  renew 
eir  oraen,  they  always  desire  it  may  be  exactly  the  same  as 
(he  last.  It  seems  therefore  reasonable  to  conclude,  that  though 
AiSSmni  parcels  of  glass  made  according  to  the  same  formub^ 
may  difier  a  little,  yet  that  as  good  gbss  for  optical  uses  majf 
be  obtained  now  as  formerly,  and  consequently  as  good  lelea* 
copes,  if  the  same  great  skill  and  disregard  of  expense  with 
which  DoUond  adapted  the  curvatures  of  his  lenses  to  each 
other  and  to  the  ^hiss,  were  again  brought  into  action. 

The  impossibility  of  obtaining  perfectly  homogeneous  glass, 
and  the  consequent  failure  of  producing;  that  complete  correc- 
tion of  the  aberration  of  the  rays  of  light  in  the  telescopes 
called  achmmatic,  induced  Dr.  Robert  Blair  to  try  the  efiectt 
of  fluid  mediuuu ;  and  his  success  was  such  as  to  induce  him  to 

aifethe  term  mplanaiiCf  or  **  free  from  error,'"  to  the  glasses  he 
lua  constructed.  He  made  a  compound  lens,  consisting  of  a 
plano-coQvex  of  crown  glass,  witn  its  flat  side  towards  the 
object,  and  a  meniscus  of  the  same  materials,  with  its  convex 
side  in  the  same  direction,  and  Us  flatter  concave  next  the  eye, 
and  the  interval  between  these  lenses  he  filled  with  a  solution  of 
anttiDODy  in  a  certain  proportion  of  muriatic  acid.  ^  The  lens 
thus  constructed,  did  not  exhibit  the  slightest  vestige  of  any 
eztianeottt  colour ;  still  the  invention,  after  a  lapse  of  more  thau 
twent]^  years,  has  not  come  into  general  use,  probably  from 
the  mfficultv  of  preserving  any  fluid  from  growing  turbid  in 
the  course  of  time. 

The  Jtefiecling  Telescope. 
llathenaticians  had  demonstrated,  that  a  pencil  of  rays 
could  not  be  collected  in  a  single  point  by  a  spherical  lens ;  and 
also  that  ^  iosage  transmittinl  by  such  a  lens^  would  be  in 
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H9ni€  dc^ifc  incnivatra*  Girpuij.  a  Tomur  nan  ov  grval  abi* 
litics,  was  indncrd  to  belWr  tlrat  tbnr  inoonrmirfioes  and  aba 
tbr  irmt  kngtb  of  irfractine  triescopps  wcmld  br  obTiated  bf 
•oHctifofini^  for  the  objcct-gU>ss  of  the  comnion  Irle^ropr,  a 
mHallic  specnliiniy  of  a  parabolic  fipirc,  to  rrcrivr  the  ima^p, 
and  to  rraect  it  towards  a  fmall  sprcalam  of  the  same  mrtel. 
Thb  again  was  to  retam  the  imase  to  an  ey^glas  placed  behind 
the  lereat  speculom,  which  for  that  porpoeae  was  to  l>e  peribial* 
rd  in  its  centre.  These  iileas  were  published  by  Gre^^tHj  m 
1663,  bot  as  he  posseswd  no  mechanical  dexterity  himself^  and 
could  find  no  workman  capable  of  realizing  hb  invention.  It 
night  have  snnk  into  oblivion,  had  not  Sir  Isaac  Newton,  in 
the  coarse  of  his  discoveries,  found  that  the  errors  ariung  trom- 
the  diflfrrent  refrangibslit j  of  light,  were  incomparablv  greater 
than  those  arising  ifrom  reflection,  and  being  himselt'as  remark* 
able  for  practical  skill,  as  geometrical  knowledge,  he  was  inde* 
pendent  of  others  for  the  execution  of  hift  drsi^rn.  He  therefiwc 
determined  to  try  what  could  be  done,  and  executed  two 
reflecting  telescopes,  in  1672,  on  a  pbn  somewhat  diflcreot  to 
trhai  Gregory  had  proposed.  Although  a  good  metal  for  the 
speculum  was  not  then  known,  althou^  he  had  to  contrive  far 
himsrif  the  method  of  polishing  it,  and  although  his  tdesoopes 
were  but  six  inches  long,  yet  in  power,  thnr  were  comparable 
to  a  six-feet  refmdor^  and  were  capable  of  showing  Jopilcr*8 
satellites. 

One  great  advantage  of  the  reflecting  telescope  is,  that  it 
will  admit  of  an  eye*glaas  of  a  much  shorter  focal  distance  tbaA 
a  refracting  telivcope  of  the  same  length,  consequently  it  wiD 
magnify  so  much  the  more.  This  advantage  arises  prtncipally 
from  the  rays  of  light  not  being  dispersed  by  leflectioo  as  thcT' 
are  by  refraction,  and  partly  from  the  practicability  of  giving 
the  large  reflectors  a  form  either  parabolical|  or  at  feast  such  as 
answers  better  than  the  spherical  figure. 

Grteorlan  Telescope* 
This  construction  of  the  reflecting  telescope,  which  is  more 
common  than  any  other,  is  represented  by  fig.  3,  pi.  VII.  At 
the  bottom  of  the  tube  A  BCD,  is  pkiced  the  large  concave 
reflector  k  /,  with  a  circular  hole  throui^h  the  middle  of  it  in  the 
direction  of  its  axis.  Within  the  tube  of  the  telescope,  and 
directly  facing  the  perforation,  is  placed  the  small  coiKave 
speculum,  g-A,  supported  by  the  arm  r.  Two  lenses,  II  and 
q  jT,  are  contained  in  the  eye>tube  LMNO,  aipd  the  ohaervcr 
applies  hii  eye  to  a  small  hole  at  f,  in  order  to  Tiew  the  tpagoi- 
fied  image  of  the  distant  object  VZ.    The  hrge  reflco^pr  k^ 
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rpreiTrs  the  rays  from  the  distant  object,  and  reflecis  them  to 
Hs  f<)cn9,  yfhvre  they  form  an  inverted  image,  EF,in  the  manner 
already  mentioned  as  one  of  the  pecuKar  properties  of  a  concave 
mirror.  Diverging  from  the  points  of  union,  the  pencils  of 
tays  proceed  onwards,  and  cross  each  other  a  little  before  they 
reach  the  small  mirror  g  h^  the  focus  of  which  is  atyr,  or  a 
little  further  from  the  large  speculum  than  its  principal  focus. 
From  the  small  mirror,  the  rays  are  reflected  somewhat  con* 
vergently,  and  in  that  state  are  received  before  they  meet  by  a 
plano-convex  h'us  /  /.  By  the  action  of  this  glass,  their  coo« 
vergency  is  increased,  and  they  form  a  second  image,  a  6, 
which  is  erect  like  the  object.  This  second  image  is  magnified 
by  the  lens  q  7,  throngh  which  the  rays  of  each  pencil  pass 
neariy  in  a  purallel  direction  to  the  eye ;  to  exclude  all  extra- 
neous light,  the  eye  is  applied  to  a  v^ry  small  hole,  and  sees  the 
image  under  the  angle  cfd. 

if  the  lens  1 1,  were  removed,  the  image  would  be  formed 
somewhat  larger  at  r,  but  the  area  or  field  of  view  would  be 
smaller  and  less  pleasant ;  for  which  reason  it  is  not  usual  to 
omit  the  second  lens.  Sometimes  the  lens  9  7,  is  made  double, 
for  the  reason  assigned,  in  p.  486  in  illustrating  fig.  8,  pi.  Y. 
In  this  and  other  reflecting  telescopes,  containing  two  curved 
reflectors,  it  is  necessary  to  have  the  power  of  altering  the  dis- 
tance between  the  two  mirrors.  This  is  usually  done  by  a 
wire,  e  #,  passing  along  the  outside  of  the  tube,  and  with  a 
screw  at  the  end  of  it,  which  works  in  an  external  projection, 
ar,  of  the  arm  r,  within  the  tube.  The  other  end  of  the  winft, 
passes  through  a  small  stud  aflixed  to  the  tube  of  the  telescope 
at  m;  and  the  observer,  while  looking  through  the  hole  at/, 
turns  the  milled  head  p,  of  the  wfre,  which  is  very  near  him, 
and  thus  regulates  the  distance  of  the  small  speculum  as  he 
finds  requbite. 

» 

Newioman  Telntcape* 
A  secti<m  of  this  telescope,  is  shown  by  fig.  4,  pi.  VII; 
A  BCD,  is  the  tube,  which,  is  open  at  the  end  AB,  opposite 
the  large  speculum,  no.  The  large  concave qieculnm,  no,  is 
not  perforated  as  in  the  last>mentioned  instrument,  but  the  smidl 
speculum,  f ,  is  set  aslant,  so  as  to  direct  the  rays  received 
from  the  large  speculum  through  an  aperture,  r,  at  the  side  of 
the  tube,  where  they  are  received  and  refracted  to  the  eve  by  a 
lens  or  lenses  in  a  tube  A.  The  speculum  f ,  is  suspended  witbiii 
the  tube,  by  an  arm,  p,  with  its  centre  opposite  ibeeentie  of  tho 
speculum  no;  it  is  not  curved  but  plane,  and  has  thcrefute  do 
ether  fftct  Uian  that  of  changing  the  airection  of  the  rays. 
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Withoiit  the  sfDall  reflector,  the  rays  from  the  large  spcculuiii 
vonid  be  conveiged  al  R,  and  the  obeerver  might  liave  an  eje* 
glass  placed  to  view  the  ima^  formed  there,  with  bis  face 
lowanu  the  speculum  n  a;  but  m  this  case  his  head  would  inter- 
eept  the  graUest  part  of  the  rajs,  unless  the  instrument  was 
▼ery  larffe. 

The  Newtonian  telescope,  as  tint  described,  is  very  cootb* 
jiient  for  viewing  ob|eot8  in  the  leaitb ;  as  they  may  be  seen 
while  the  observer  retains  his  ordinary  position  of  looking  for* 
ward  boriaontally. 

Htnchers  Tele$copem 

The  best  and  most  powo^fnl  telescopes  ever  oonitruoteJ^ 
have  been  nuMie  by  Dr.  Herschel,  who  is  so  well  known  by  his 
labonn,  as  one  of  the  most  eminent  astronomers  of  the  pieseni 
day.  The  astronomers  of  the  Continent  have  adopted  a  phrasb* 
#logy,  which  contains  a  very  eltraordinary  acknowledgment  of 
the  value  of  his  telescopes ;  when  they  wish  to  convey  the  highest 
MBsible  idea  of  the  exodlenoe  of  a  telescope,  they  asseit  that  it 
ii  ^BQiwl  to  one  of  Hersohd's* 

The  largest  reflecting  telescope  now  existing  was  made  by 
Or.  Herschel.  It  is  forty  feet  in  length,  and  the  polished  siir« 
fiiCB  of  the  huge  speculum  is  four  fiiet  indiamater.  It  has  no 
second  veflbctor,  a  circumstance  that  adds  much  to  the  bright* 
Bess  of  the  objects  viewed  in  it.  The  obserrer,  who  looks 
tiliiongh  an  eye-giass,  as  in  other  teleseopes,  has  of  oonise  bis 
back  to  the  dbjects ;  but  it  is  so  contrived  that  little  or  no  light 
is  interoeplcd  by  this  means.  We  may  use  the  diagnm  of  the 
Newtonian  telescope,  %•  4,  pi.  YII,  to  illustnile  the  pesilion 
of  tike  observer  asoie  paiticularly.  Suf^posing  the  speralwss  f 
atfd  its  support  to  be  removed,  the  imys,  wo,  as  befon  observ* 
ed,  wouM  be  converged  to  R ;  but  if  the  observer  were  pinoed 
there,  he  would  intCTcept  a  huge  portion  of  the  light,  even 
when  focinsp  thb  gigantic  telescope;  suppose  then  the  upper 
piH  If,  of  tte  speculum,  to  incline  downwards^  tlmt  is,  Co  lie 
setal  an  angle  to  the  axis  of  the  tube,  the  rays  asay  bedirecied  to 
S^  or  any  other  point  nearer  the  tube,  whm  the  spectalor  may 
be  phused,  and  will  occasion  no  sensible  dimness  of  the  imago 
tlHDDwn  by  a  large  mimnr.  In  Herschers  forty  feet  tclesoope,  the 
cmiverging  nys  reflected  by  the  minor,  pass  tho  eztramity  of 
the  tuM  at  the  distance  of  four  inches,  and  come  into  the  nir; 
so  that  the  observer  scarcdy  at  alt  interfcies  with  the  incidenl 
K^t,  aa  the  diamefaw  of  the  tube  ^exceeds  that  of  the  minwr 
nbont  ton  inches.  It  will  bear  a  mt^^ufyiog  power  of  sis 
tkowsand  times  the  diameter  of  an  olyeatr 


OPTICS*  495 


CttMegraimao  telencoiie.*' Magnifying  power  of  telcteopea. 


Cassfsraiman  Telescope. 
This  telescope  differs  from  those  of  the  Gregorian  and  New« 
Ionian  conaructicMi,  in  having  the  small  reflector  coii?ex  instead 
of  concave;  in  conseaoence  of  which  the  small  reflector  must 
,  be  placed  nearer  to  the  large  reflector  than  the  focus  of  the 
latter.  It  shows  objects  invited,  because  the  rays  do  not  cross, 
and  no  image  is  formed  between  the  two  reflectors ;  but  with 
the  same  magnifying  power,  it  is  shorter  than  the  GregoriaOi 
by  twice  the  focal  length  of  the  small  mirror. 

Of  the  Magnifying  Power  of  Telescopes. 

The  magnifying  power  of  a  telescope  is  constituted  by  the 
difleience  in  siae  between  the  object  viewed  by  the  naked  eye, 
and  the  image  seen  in  the  field  of  view  of  the  instrument;  and 
this  diflisrence  may  be  expressed  in  three  diffeient  ways:  i,  we 
express  the  eflSect  of  the  telescope  on  the  apparent  increase  of 
the  diameter  of  objects :  S.  on  the  superfices^  and  3,  on  the  soH^ 
dU^  or  cube  of  the  objects.  But  it  has  been  generally  agreed  to 
express  the  magnifying  power  of  telescopes  by  the  efliot  they 
•  produce  on  tte  duuiMter  only  of  objects;  as  this  mode  of 
expression  conveys  clearer  ideas  of  the  power  of  the  instrumeitt 
than  any  other,  and  is  always  understood  to  be  meant  when  the 
contrary  is  not  expressed.  Hence,  if  a  telescope  shows  an 
object  at  the  distance  of  100  yards,  as  lareeas  that  object  would 
appear  to  the  naked  eye  at  the  distance  of  oneyani,  it  is  uadef- 
stood  to  magnify  one  nondred  times. 

The  magnifying  power  of  the  astronomical  telescope,  or 


the  night-glass,  is  as  the  focal  distance  of  the  eye»glass  (o  the 
fecal  distance  of  the  object-ghss ;  therefore,  if  tM  latter  he 
divided  by  the  former,  the  quotient  will  express  the  magnifyioff 
power.  The  power  oif  the  persnective-giass  may  be  estimated 
in  the  same  way;  for  the  two  adaitional  eye-^hnses  are  not  em- 
ployed to  change  the  magnifying  power,  being  equal  in  fecal 
distance  to  the  third,  but  only  to  produce  the  erect  positien  of 
objects;  by  dividing  the  local  oistance  of  one  eye-gfaus  by 
the  focal  distance  of  the  object-glass,  the  true  power  is  tbeiefeie 
obtained. 

In  the  Gkililean  telescope,  the  virtual  focus  of  the  concave 
or  eyeglass,  must  be  divided  by  the  real  fecns  of  the  object- 
glass. 

To  find  the  magnifying  power  of  the  Gregorian  telescope^ 
multiply  the  fecal  distance  of  the  great  minor  by  the  distands 
of  tkt  smal  minor  from  the  fanage  next  the  eye;  and  multiply 
the  focal  distance  of  the  small  minov  fay  the  feeal  digtanoe  of 
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the  cje^laa;  ihem  divide  die  pradadof  the  fotmer  niiltipli 
tioo  by  the  product  of  the  bttcr,  aod  the  qeotient  will  expicw 
the  wif^f'mfi  poma. 

The  mmg^ifjiag  power  of  the  Newloaiaa  tdcKop*,  or  of 
Hcnchel's  is  fond  fay  dnridiii|r  the  focal  diUsMse  of  the  kigr 
^frolooi  by  the  focal  distaaoeof  the  e/c-f^faw. 

The  nagaifyiag;  power  of  the  rpwijiniBiia  reflector  it  the 
gaiea»thaiof  theGwgoriaa,  whew  their  icspedivetpectila  aar 
of  eqoal  corvaUue. 

As  it  is  oAco  ioooBrcoicnt,  aad  samrtiiars  ioipoMbie  witboot 
injoring  the  iastnimeBt,  to  asceitaia  with  pmri^ion  the  fod  of 
tlie  lemes  and  Btrrois,  it  is  adrantaj^os  to  possess  the  nraos 
of  aseertaiaioi^  the  oi^gBifyini^  power  of  a  telescope  esporiaamt- 
ally.  This  may  bedooe  in  s^oal  ways,  of  which  the  foUot^ 
mg  is  the  one  reoooimeiidcd  by  Edwank  z 

At  the  distance  of  100  or  200  yaids  from  the  teksoope,  pol 
up  a  small  circle  of  paper,  of  any  determiaale  diameter,  aa 
inch  for  instance.  Upon  a  card,  or  any  piece  of  stiov  W^t 
thioQgh  which  the  light  cannot  be  easily  transmitted,  draw  two 
blach  parallel  lines,  the  distance  of  which  from  each  other  is 
exactly  equal  to  the  diameter  of  the  small  circle.  Adjust  the 
tdcMSope  to  distinct  vision,  aad  through  it  view  the  small  cirde 
with  one  eye,  and  with  the  other  eye,  open  ako,  view  at  tlie 
ame  time  the  two  pamlld  lines.  Let  the  parallel  lines  be  then 
jnoved  nearer  to,  or  fiuther  from  the  eye,  till  you  see  them 
exactly  to  cover  the  small  circle  viewed  in  the  teksoope^  Mea- 
sure now  the  distance  of  the  smalt  circle,  end  also  of  the 
Smllel  lines,  from  your  eye ;  then  divide  the  distance  of  the 
-mer  b^  that  of  the  latter^  and  you  will  have  the  magnifying 
power  or  the  telesoope. 

liitceUaneouM  Remarksy  rdaUce  to  TrJeteapei. 
In  tresting  of. vision,  we  observed  that  objects  seen  with 
both  eyes  at  once,  appear  more  vivid  than  they  do  to  either  eye 
singly.  This  fact  gave  rise  to  what  is  called  the  binocular  or 
double  telesco|ie,  in  the  use  of  which  the  phenomenon  is  very 
obvious.  This  instrument  consists  of  two  equal  telescoM, 
fastened  together,  and  made  to  point  to  the  same  dbject.  Tney 
must  be  at  the  same  distance  fmm  eadi  other  as  the  pupils  of 
the  eytM  of  the  observer,  who  must  look  through  mth  the 
tdescopes  at  once,  by  which  means  objects  will  appear  brighter, 
and  somewhat  htmr  than  when  only  one  teleMopeis  used, 
though  the  magnifying  power  is  the  same  in  both  cases.  The 
inoonvcoience  of  mansging  the  bmocular  tdescepe^  seems, 
houwvir,  to  be  the  cnuaeof  iU  being  dkuaed. 
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Valoablr  tdeicopes  are  usually  fiimubed  with  what  is  called 
a  fifukr^  which  is  nUhing  jnore  than  a  short  telescope,  and  is 
coieially  affiaced  to  the  tube  of  the  large  telescope,  as  at  G,  iig. 
3,  pi.  VII.  It  is  used  for  the  purpose  of  bringing  an  object 
eapediUous^  into  the  field  of  the  large  telescope.  It  magnifies 
but  little,  seldoni  more  than  six  or  eight  times ;  but  it  has  a 
very  extensive  field  of  view,  so  that  auy  j^iveu  object  is  easily 
comprehended  within  it.  In  the  inside  of  its  tut)e,  and  exactiv 
at  the  focus  of  thecgre-glass,  there  are  two  slender  wires,  which 
cross  each  other  in  the  axis  of  the  telescope.  Now  the  finder 
is  so  adjusted,  that  when  an  object  seen  through  it  appears  to 
be  near  the  amsing  of  its  wires,  it  is  at  the  same  time  visible 
Ihiough  the  peat  telescope,  ami  by  this  means  much  time  is 
saved,  especially  to  unpractised  observers. 

Both  refoicting  and  refiectin^  telescopes  of  the  best  soil,  are 
furnished  with  two  or  more  di&reot  eye-pieces,  in  order  that 
a  greater  or  less  power  may  be  employed,  as  the  occasion 
appears  ta  require. 

In  eveiy  IdbMsepe,  the  distance  between  the  eye  and  the 
•bject^glass  mast  be  alterable,  in  older  to  suit  difierent  eyes,  or 
sender  objects,  at  difEureat  distances,  distinctly  visible  to 
the  same  eye. 

The  following  observations  on  another  adjustment,  of  whicji 
tdkaooncs  oHght  to  be  susceptible,  are  from  the  first  volume  of 
Nichoiaon's  Journal,  4lo  series;  *^  Every  attentive  observwr 
must  have  taken  notiee,  that  light  is  of  as  oiMich  consequence  to 
artificial  vision  as  magnifying  power.  It  may  tberelbre  afford 
4natler  of  surprise;  tmit  the  moit  variable  of  all  adjustments  of 
the  eye,  vis.  that  of  aperture,  should  never  be  introduced  into  oi^ 
artificial  combinations.  Distant  woods,  and  other  bud  objects, 
are  invisible  to  a  high  magnifying  power,  for  want  of  Ught, 
when  the  same  oUeots  may  &  distiMtly  seen  with  a  lower.  By 
means  of  an  artificial  iris,  which  an  ingenious  artist  will  find 
Utile  idiflkttUir  in  contriving,  this  disMvantage  in  teltsoo|iQs 
•miffht  be  obviated*  Suppose  a  brass  rin^  to  sariound  the  objcot 
end  of  the  telesomie,  and  upon  this  let  eight  or  raoie  triaogulvr 
•lips  of  brass  be  fixed,  ao  as  to  revolve  op  eqtti»distant  pins  pasv 
ing  through  each  triangle  near  one  of  its  corners.  If  the  trian- 
gles be  slidden  in  upon  each  other,  it  may  readily  be  apprehended 
tJdat  they  will  close  the  aperture;  and  if  they  be  all  made  to 
revolve  or  slide  backwards  alike,  it  is  dear  that  their  edge  will 
leave  an  octagonal  aperture,  grealer  or  less  according  to  cir- 
cumstaiices.  The  ei}uable  imrtion  of  all  the  triangles  may  be 
fMroduoad.eiUieK  by  pufiona  and  one  toothed  wheel,  or  by  what 
is  called  snaii«warx*    AaoUier  kind  of  iris,  more  compact, 
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nmj  be  made  by  canaitig  thin  glMlio  riips  of  brMs'ta  slide  abog 
parallel  to  the  tube,  aiid  be  eondMled  tiweagh  a  slit  ia  a  inaia 
cap,  which  wiM  lead  theoi  acraai  the  aporioi*  in  a  fadiai 
direction." 

To  atop  the  wandertaf  niya,  fiWch  wmM  ka^  to  ooofiiae 
the  itnage  of  a  telescope,  a  pkle  of  metali  wlridh  lias  •  siaaM 
toand  iMie  in  the  middle  of  it,  is  plaoed  in  the  tnhe  oootaiain^ 
the  f^re-glasses,  parallel  with  them.  It  ii  oaHed  tlie  diaphiagm^ 
^nd  18  generally  fixed  witlm  the  tekseopei  9A  the  foeal  disftaDoe 
<of  tfie  giasB  nearest  the  eje.  By  thii  meaan,  thefcld  of  liew 
"k  lessened,  but  theadvanlngeef  grsater  dhthiutness  is  obtained* 

To  try  the  goodness  of  obJMt^ghBssa,  the  bsst  espedient 
is,  to  tr^  them  sncoessitdy  in  a  tnbe,  with  seveadefe-gtssses, 
by  lookmg  at  some  distant  objeets  $  that  glass  fAtkk  ■npujsunti 
objects  the  brightest  and  most  distinot,  and  whM  beam  the 
greatest  apeftnre  with  the  shortest  eye-glass,  wilhnat  eeinnringi 
ts  the  best. 

In  double  convex  lenses,  the  most  peifxt  is  that  wbosfe 
tadins  of  ctirv^tare  of  the  first  snrfiMsfe,  is^athsft  of  the  second 
as  one  to  six ;  its  abemtion  bemg  the  least  ponriUe,  «ris.  f^  of 
*lts  thickness:  but  if  this  class  is  twined  wifli  its  other  side  to 
the  rays,  the  aberration  will  be  VV  9  and  theiefoie  wonU  be  mnelt 
worse.    The  same  ratio  hoida  with  ffespeot  to  ommwe  lenses. 

The  lenses  of  a  Mod  tehsoopn  shomd  all  be  peifciiiy  Wei 
polished,  and  sbouU  be  as  thin  as  possible  for  their  sin  and 
cnnrature.  When  a  lens  is  exaetly  oironlar,  mid  yet  is  fonnd  to 
be  thicker  on  one  side  than  anslhsr,  it  is  a  pioaf  that  the  ana 
of  the  two  surftces  nre  not  ooinmdent,  «m  il  onght  to  be 
fli^ectco* 

Of  leflecting  telescopes,  the  Gragornm  is  «kndst  the  onif 
one  made  for  common  nte.  This  patfofonec  stems  lo  be  owing 
io  the  neatness  •€{  its  app^aranos^  ood  to  its  hsing  pointel 
•towards  objeets  in  Che  same  manner  as  mAnetiw  teleseopes, 
nCher  thantonny  really  inlrinsie  ad^antagm  which  ft  has  over 
•tlie  Newtonian  oonstrnolion.  In  ail  ths  ndeating tsieseopss  wo 
kavenoticed,  the  dMHaeter  of  thelargo  asinori  onnooanntof  tim 
interposition  of  the  small  one,  at  the  apeitmre,  mwst  be  giaatsr 
than  would  otherwise  be  reqnisod,  in  order  to  cnNgbten  the  field 
of  view  stfflMently ;  and  it  may  also  be  observed,  timt  as 
specula  have  profamly  ns^er  been  gtonod  to  n  truly  parahaie 
^ipm.  the  central  put,  the bonsfitof  which  «  hist,  isthemoit 
Talnabie  portion  of  the  whole,  because  it  would  vsfiaet  the  light 
with  the  gieidest  v^uhHrity.  To  this  it  may  be  added,  (inl 
the  dUEcnity  of  grading  a  spsoniom  ineuwsti  paibaps  in  an 
great  a  pmportien  as  Um  sqaaaa  of  the  diamalst,  mkl  it  is 
theitfore  of  some  impoitanot  to  those  vdio  may  undertake  the 
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€oiiilnicliOD  of  thete  instruaKeato  for  themsel ve*,  to  make  tbe 
laige  speculufD  as  9111811  as  passible,  coDsisiently  with  a  givea 
l^wer  and  quantity  of  light.  We  shall  therefore  mention  the 
torm  of  a  reflecting  telescope,  which  we  recollect  to  have  beea 
ahown  many  years  ago,  by  a  self-taught  optician,  w.hou  so  far 
as  we  cao  recollect,  on  the  qoestion  being  put  to  him^  cieclarei^ 
himself  to  he  the  first  who  had  adopted  it.  It  is  represented  by. 
&r.  5,  pi.  y  II,  wiiere  the  great  mirror  is  as  uaual  at  the  bottom 
of  the  principal  tabe^  but  instead  of  having  its  axis  coincident 
nilh  that  of  the  tube,  it  is  inclined,  so  as  to  throw  the  iiAag^ 
upwards,  through  an  aperture  for  that  purpose,  to  it  o,  whence^ 
the  ff^ys  diiwrge^  and  falUii^  upon  toe  small  speculum,  are 
reflected  by  U  to  the  eye,  as  in  the  Gregorian  telescope.  Heit 
we  have  sui^Nised  the  smaU  mimr  to  be  concave,  but  we  aro 
not  certain  whether  it  was  so  or  not;  it  is  clear,  the  principle  of 
it  is  pneserved,  if  the  whole  diameter  of  the  mirror  is  employed 
tp  reflect  light  (  and  tbeiefore  it  may  have  the  small  minor  coo- 
vex  like  Cassegniin*s  reflector,  or  plane,  like  Newtoo*s.  Wk 
MO  speak  with  confidence  of  the  eudlence  of  the  instrument 
we  allude  to^  and  we  gladly  bear  this  testimony  to  the  merit  of 
an  obscme  individmilt  who^  we  have  reason  to  believe,  is  now 
deflsased.  He  iraa.  tenacious  of  his  optical  knowledge,  and 
fmerved  ia  speaking  ef  it|  yet  he  was  far  from  an  illibenil  cha* 
facler.  His  mil rors  were  cast  by  himsdf  in  hb  own  house,  and 
tvtry  other  part  of  the  workmanship  of  his  instruments,  and 
the  toola  with  whi6h  they  were  made,  weie  constructed  bv 
hiaiself  K  in  solitude  and  silence,  by  di^  and  by  nighty  though 
sttfroanded  hf  the  chUling  difficulties  of  poverty,  ne  seems  to 
have  punned  his  studies  with  an  assiduity  seldom  paralleled^ 
and  tne  knowledge  which  it  cost  him  so  much  io  acquire,  he 
might  feel  it  di&utt  (o  part  with  io  a  casual  acquaintance. 
PMApa  the  nette  we  have  taken  of  him  in  thispboe^  puMrbe 
meie  than  is  called  for  by  any  proof  we  have  given  of  hia 
abilities,  in  the  new  arrangement  ot  a  telescope ;  b^  the  exam- 
ple mM  be  an  eneonragement  to  others,  and  ought  not  to  be 
ksL  In  another  pfame^  we  asajr  have  an  oppc^nity  of  die* 
elosing  his  naase^  and  of  investigating  his  particular  merits; 
km  we  will  only  acU,  that  he  had  taken  no  scanty  draught  ot 
|ile<*  Pieiian  spring/*  and  thai  his  poetical  effusions  were  as 
slMaii*  and  impassmied#  ne  the  work  of  hia  hands  was  correct 
UG  eflectoal. 

Tbe'two  mirmfs  of  a  telescope  should  not  have  the  same 
ewe.  Maskelrne  has  obasrved,  that  when  the  two  specula 
nse  pambotaa»  toe^  eanpe  a  very  considerable  abermtion,  which 
is  nagative^  that  is  to  mjf  the  focoa  of  the  extieine  imy  is 
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longer  than  (hose  of  (he  middle  ones.  If  the  large  specvhun  is 
a  parabola,  the  small  one  ought  to  be  an  ellipse;  but  irhen  the 
small  speculum  is  spherical,  which  is  gsnerally  the  case  in  prac-* 
tice,  it  concave,  tn^  figure  of  the  large  speculum  ought  to  be 
an  hyperbola;  if  convex,  the  large  speculum  ouffht  to  be  as 
ellipse,  to  free  the  telescope  from  aberration.  This  wOl  be 
easier  understood,  bj  attending  to  the  positions  of  the  first  and 
second  images;  when  a  curve  b  of  such  a  form  that  lines  dnwn 
Irom  each  image,  and  meeting  in  any  point  of  the  curve,  make 
equal  angles  with  the  tangent  to  the  curve  at'  that  point,  it  is 
evident  that  such  curve  will  be  fiee  from  aberration. 

From  a  property  of  reflecting  telescopes,  that  the  apeHoics 
of  the  t^o  specula  are  to  each  other  very  nearly  in  the  proper* 
tion  of  their  focal  lengths,  it  follows  that  their  aberrations  will 
be  to  each  other  in  the. same  proportion ;  and  these  aberralioos 
are  in  the  same  direction,  if  tne  two  specula  are  both  concave; 
or  in  contrary  directions,  if  one  specutui^  b  concave,  and  tke 
Mher  convex. 

In  the  Gregorian  telescope,  both  specula  being  concave^ 
the  aberration  at  the  second  image  will  be  the  sum  of  the  aber* 
rations  of  the  two  mirrors ;  but  in  Ous^rain^s  constrociiony 
one  mirror  being  concave,  and  the  other  convex,  the  abem* 
tion  at  the  second  image  will  be  the  diflerence  between  Ikdr 
aberrations.  By  assuming  such  propoitions  for  the  foci  of  the 
specula  as  arc  generally  usol  in  the  reflecting  telescope,  which  ia 
about  as  1  to  I,  the  aberration  in  the  Cassegfirainian  ooostowottas 
will  be  to  that  in  the  Gregorian  as  5  to  5.  Hence  appeals  the 
service  which  might  be  rendered  to  aitists  by  a  compnCe  osathe- 
natical  investigation  of  the  curves  adapted  to  optiod  purposes. 

Of  MkromtUn. 

A  micrometer  is  an  instrument  by  which  the  apparent 
nitudes  of  objects  vieifed  through  micfoscopes  or  tdo 
are  measured. 

A  ^pftat  variety  of  micrometers  have  been  contrived, 
of  which  am  very  complicated  and  exjiensive,  othera  | 
great  simplicity.  The  accuracy  of  their  perfomianoe  be  nel 
always  been  proportionate  to  their  value.  We  shaH  ootioe  oalf 
one  or  two  of  the  most  simple  micrometers,  as  onr  liadts  wil 
not  permit  us  to  enfau^se  much  beyond  what  may  prove  kilsinsl- 
ing  to  the  generality  w  our  rsaden. 

Lewennoeck*s  method  of  estimating  the  ska  of  small  olgecia 
was  by  oompltfing  them  with  grain  of  sand,  of  which  oao 
hundred  pfauxd  in  a  line  took  up  an  inch.  Thoe  grains  he 
laid  on  the  nme  plate  with  his  objeelS}  and  viewed  thtas  atlhe 
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sHiiie  time.  Dr.  J  urines  method  was  similar  to  tbig,  for  he 
wrapped  a  piece  of  fine  silver  wire  very  closely  round  a  pin, 
and  observed  how  many  rings  made  an  inch ;  and  be  used  this 
wire  as  Lewenhoeck  used  his  sand.  Dr.  Hook  used  to  look 
upon  the  magnified  object  with  one  ^e,  While,  at  the  same 
time,  he  viewed  other  objects  placed  at  the  same  distance,  with 
the  other  eye.  In  this  manner  he  was  able,  by  the  help  of  a 
ruler,  divided  into  inches  and  small  parts,  and  laid  on  the 
pedestal  of  the  microscope,  to  cast  the  magnified  appearance  of 
the  object  upon  the  ruler,  and  thus  exactly  to  measure  the 
diameter  which  it  appeared  to  have  through  the  glass ;  which 
being  compared  with  the  diameter  as  it  appeared  to  the  naked 
eye,  easily  showed  the  d^:ree  in  which  it  was  magnified.  A 
little  practice  renders  this  method  very  easy. 
'  Cavallo*s  micrometer,  which  he  has  described  in  the  third 
volume  of  his  ^<  Elements  of  Natural  and  Experimental  Phifa>- 
Bophy,'*  is  simple  and  valuable.  It  consists  of  a  small  semi* 
transparent  scale  or  slip  of  mother-of-pearl,  about  the  twentieth 
part  of  an  inch  broad,  and  of  the  thickness  of  common  writing 
paper.  It  is  divided  into  a  number  of  e<]^ual  parts  by  means  of 
parallel  lines,  every  fifth  and  tenth  of  which  Jivisioos  is  a  little 
longer  than  the  rest. 

This  micrometer,  or  divided  scale,  is  situated  within  the 
tube,  at  the  focus  of  the  eye-lens  of  the  telescope,  where  the 
image  of  the  object  b  formed,  and  with  its  divided  edge  passing 
through  the  centre  of  the  field  of  view ;  though  this  is  not  abso* 
lutdy  neoessaiy.  It  is  immaterial  whether  the  teleecope  be  a 
refractor  or  a  reflectcNr,  provided  the  ey^lens  be  convex,  and 
not  concave,  as  in  the  Galilean  tdescope. 

The  simplest  way  of  fixing  it,  is  to  stick  it  upon  the  dia- 
phragm, which  generally  stands  within  the  tube,  at  the  focal 
distance  of  the  ^e-Iens. 

Bv  looking  through  the  telescope,  the  image  of  the  object 
and  the  micrometer  will  appear  to  coincide:  hoioe  the obsorver 
may  easily  see  how  many  diviabns  of  the  latter  measure  the 
Icn^h  or  braidth  of  the  former;  and  knowing  the  value  <^  the 
divisbns  of  die  micrometer,  he  may  easily  determine  the  angle 
is  subtended  by  the  object. 

There  are  several  methods  of  ascertaming  the  value  of  the 
of  a  micrometer  in  a  given  telesoope.  The  firibwing 
is  one  of  the  easiest:  Direct  the  tdescope  to  the  snn,  and 
observe  bow  many  divisions  of  the  micrometer  ineasure  its 
diameter  exactly ;  then  take  out  of  the  Nautical  Almanack  the 
diameter  of  the  sun  for  the  day  in  which  the  observation  is 
made;  divide  it  by  the  above*meoUooed  numjbef  of  dimiooii 
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and  ike  qnotieBi  b  the  Yaine  of  cms  divisum  of  the  nucrooietor* 
Thosy  sappoie  that  96^  divitions  of  the  microaieter  meauire 
tbe'diameler  of  the  sun,  and  the  Naatical  Almanack  gives  for 
the  nieasore  of  the  angle  vhich  is  sablended  by  the  same  diame* 
taffy  31  minutes,  92  seconds;  or  (by  icduciog  the  ivhoie  into 
seconds)  1888  seconds.  Divide  1888  by  86.5,  and  the  quo^ 
iient,  neglecting  a  small  remainder,  is  71  seconds,  or  1  minute 
11  seconds ;  which  is  the  value  oi  one  divisioo  of  the  microme* 
ter;  thedouble  of  which  is  the  value  of  two  divisions,  and  so 
fiwth. 

The  mother«of-pcarl  micimnetec  may  be  applied  to  a  raionis^ 
Cqpe,  aod  it  will  thus  serve  to  measure  the  lineal  dimensioos  of 
ibe  objrct.  The  ?alue  of  its  divisions  mav  be  ascertained  byi 
placing  an  object  of  a  known  dimensioo  befoie  the  mioinsoope, 
Ond  by  observing  how  laany  divisions.of  the  mioffometer  me»> 
snie  its  magnified  image.  For  instance,  place  a  piece  of  paper^ 
which  is  exactly  one-tenth  of  an  inch  io^,  befoie  the  micros* 
laope,  and  if  yon  find  that  50  divisions  of  the  micrometec 
measjiie  its  magnified  image,  you  may  conelode  that  each 
division  demotes  an  extension  of  the  500dth  part  of  ao  inch  in 
the  ol^ect;  for  if  50  divisions  measure  one4entb,  500  divisione 
must  measure  the  whole  inch. 

Mothe^al&pearl  was  found,  by  Cavallo,  after  many  trials, 
to  be  a  much  more  convenient  substance  than  either  glm,  '^y^rj^ 
]M»m,  or  wood,  as  it  is  a  very  steady  substance,  tM  divisions 
are  easily  marked  upon  it,  and  when  made  as  thin  as  common 
writing  psper,  it  has  a  vety  useful  degree  of  transpaiency. 


Abstuact  of  Optios. 

1.  The  particles  of  light,  wMeb  are  iaoonoeiwiibly  smnH, 
pvoceed  ftom  knnioons  braies  in  right  Hnes. 

8.  Consequently  the  density  of  light  Is  invmely  ae  thn 
sqnare  of  the  distance  firom  the  lumlnoos  eentie : 

S.  Light  moves  at  the  rate  of  neariy  900,000  miles  in  one 
aeoond  of  Imie* 

4.  It*  impression  on  the  rttma  is  not  instnnlaaeons,  bnl 
ihongb  its  pnrtides  may  be  separately  projeoted,  eo  aste  bn» 
in  their  progTM,  nt  the  rate  of  1600  miles  npnit,  Its  vdnoitf 
is  iuAeient  &•  pfodflce  distinet  vision. 

ft.  Every  ray  of  light  eafrim  vritfi  tttbeUnage  of  thepeinl 
Ann  which  It  wia  easitied}  when,  thesefint,  pMcfls  of  inyn 


ABSTRACT  OP  OPTICS.  603 

Ligli  t.— Lemn.— M  trron. 

ffoin  every  point  of  an  object  are  united  in  the  same  order  in 
^bich  thej^  were  emitted,  thev  form  an  image  or  repreaentation 
ef  thai  ofcgccty  at  the  place  wnere  they  are  thus  united. 

6.  All  the  rays  of  light,  whidi  enter  another  medium 
^Miquely,  ftuftr  refraction ;  that  is,  they  either  move  farther 
fiom,  or  nearer  to,  the  perpendfcnlar,  as  thi*  medium  into 
which  they  enter  is  rarer  or  denser  than  the  other  medium. 

7.  On  the  tefrangibiKty  of  light  depends  the  properties  of 
lenses. 

8.  Convex  lenses  collect  the  rays  of  light,  and  make  them 
converge  to  a  centre  or  focus. 

9.  Concave  lenses  disperse  the  rays  of  light,  theft  power  of 
icfiacti6n  not  being  towards  their  centre  bat  towards  their 
circamference. 

10.  When  light  strikes  upon  a  surface,  H  is  reflected  so 
that  the  angle  of  reflection  is  equal  to  the  angle  of  incidence ;  on 
this  the  properties  of  mirrors  depends. 

1 1 .  riane  mirrors  have  no  other  eflfect  than  that  of  changing 
.  the  direction  of  the  incident  rays. 

19.  Convex  mirrors  cause  paraHel  rays  to  diverge. 
.  IS.  Concave  mirrors  collect  pamlM  rays,  or  cause  them  to 
converge  to  a  focus. 

14.  Mixed  mirrors  exMbit  distorted  tmiges,  because  they 
increase  or  lessen  the  divergence  or  convergence  of  the  rays  in 
one  or  two  directions  only. 

15.  The  solar  beam  is  composed  of  rays  possessed  of  dMe* 
rent  degrees  of  refniagibility,  and  tiiese  diftrenoes  of  refrangi^ 
bilitV)  which  aredepMdenton  the  sineof  their  particles,  produce 
all  tike  phenomenft  of  odours* 

16.  The  solar  beam,  or  white  light,  containa  rays  of  seven 
difllcient  colours,  via.  roi,  orange,  yellow,  green,  blue,  indigo, 
md  violet.  TlieK  are  oalied  the  i^vimitlve  c^ors,  because  they 
are  immutable,  except  by  Intermixture. 

17.  Red  light  is  composed  of  particles  of  the  largest  sise, 
becaase  it  is  finind'  to  be  canaMe  of  atnigglmg  through  thick 
and  resisting^medioms,  which  stop  every  mber  odour. 

18.  The  size  of  tho  particles  ef  other  edours  ate  in  Ibe 
Older  of  their  enataeiutibn,  Ae  violet  being  the  smallest. 

19.  The  rainbow  is  owinff  to  Ike  aeparatioo  of  the  ll^t  tati^ 
its  primitive  colours,  by  the  drops  of^  falling  rain,  whieb  act 
like  «  prism.      *  •   • 

SO.  The  rays  of  light  are  mfeeted  when  tbcj  pasa  v«fy 
near  a  body,  and  dejkticd  when  tney  pass  at  a  greater  distance. 

81.  Those  rays  which  deviate  the  least  by  rmctkMi,  deviate 
the  most  by  flection. 
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22.  The  iaiago  of  all  visible  objects^  are  depicted  gn  tkt 
retina,  in  an  iaTerted  poutioa. 

23.  With  two  eyes,  yimm  is  not  only  more  distinct,  bi4 
BMire  accniaie  than  with  one. 

24.  A  good  eye  can  tee  roost  distinctly  when  the  nys  fSril 
panllel  upon  it,  becaose  the  foci  of  such  reya  £U1  enclly  on 
the  retina. 

25.  The  best  eye  can  haidly  distinguish  anyobjoct  that 
subtends  an  angle  of  less  than  half  a  minute. 

2d.  The  apparent  magnitude  of  objects  is  dependent  on  the 
an|^  under  which  they  are  seen,  or  on  the  siae  of  their  imagss 
depicted  on  the  letina. 

27.  The  longHrighted  require  conyex  spectacles,  the  sboit- 
sighted,  concave  ones. 

28.  Burning  lenses  must  be  convex,  and  bumiqg  minors 
concave,  as  the  effbots  of  both  there  instruments  are  dependent 
on  the  condensation  of  the  incident  light. 

29.  Microscopes  are  instnunenis  mr  viewing  small  objects. 
They  appear  to  magnify  objects,  becanre  they  enable  us  to  ses 
them  with  distinctims,  nearer  than  the  oatnial  limits  of  vision. 

30.  Or.  WoUaston's  improvement  of  the  micfosoope  consists 
in  using  two  plano-convex  koses  of  the  same  radius,  with  their 
plane  sorfiices  on  opposite  sides  of  the  same  aperture  in  a  thin 
piece  of  metal. 

31.  Refracting  telescopes  are  formed  by  lenses  only ;  when 
manufactured  in  the  beyt  manner,  they  are  either  fumi^bed  with 
an  aehwmaiic  object-glass,  which  corrects  the  defect  arisii^ 
iiom  the  uoeqiial  refifaction  of  the  different  lays,  by  a  combina* 
tion  of  one  or  two  convex  lenses  with  a  concave  one  of  a  dift- 
nut  sort  of  ghw;  or,  though  more  nudy,  they  have  an 
aphmatic  obje^i^bss,  which  corrects  the  same  deiect  by  tht 
combination  oi  a  phnoKxmvex  and  meniscus  i^ass,  with  a  fluid 
between  them  that  acts  like  a  third  lens» 

92.  Reflecting  Idescopes  consist  of  lenses  and  at  leart  of 
one  speculum.  When  there  is  more  than  one  speculum,  the 
second  b  only  about  one-fourth  of  the  siae  of  the  other,  and 
may  be  either  convex,  con^ve,  or  plane. 

33.  Reflecting  telescopa  admit  of  a  much  mater  magnifyr 
iuff  power  la  a  given  length,  than  refracting  telooopes. 

5/k.  The  bmocular  telescope  consists  oi  two  tdesccyes  ao 
combined,  that  both  eyes  may  be  employed  in  lopkiqg  at  the 
oiyect. 
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ASTRONOMY. 

AsTAoiioMY  is  tbe  science  which  treats  of  the  motions,  eclipses, 
magnitudes  ^periods,  and  other  phenomena  of  the  heavenly  bodies. 

Tbe  early  history  of  astronomy^  as  of  all  other  ancient  sci- 
ences, is  enveloped  in^muoh  t)bscurity.  It  may  be  presmned,  that 
some  knowledge  of  it  would  be  nearly  coeval  with  the  hiimaa 
face ;  because  it  would  excite  attention,  as  well  from  motives  of 
curiosity,  as  from  its  connection  with  the  common  concerns  of 
life,  but  in  what  age  or  country  the  united  observations  of  many^ 
were  first  so  far  methodized,  as  to  raise  it  to  the  dignity  of  a 
science,  is  now  beyond  the  reach  of  unquestionable  discovery, 
Bhd  it  would  be  useless  to  multiply  conjectures  on  the  subject. 

Those  delightful  regionsof  Asin,  which  were  first  iniiabiled, 
were  peculiarly  calculated  to  favour  the  growth  of  astronomical 
kndwledge.  Accordingly,  it  appears  that  astronomy  was  much 
ctiltivam  among  the  Chaldeans.  The  levefand  extensive 
plains  of  that  country,  the  nights  which  they  passed  in  tbe 
tuptn  air,  an  unbroken  horizon,  a  pure  and  serene  sk^,  all  con* 
spired  to  engage  that  people  to  contempfaite  the  motions  of  the 
stars,  and  to  lead  them  to  conjecture  on  the  laiirs  by  which  they 
were  governed. 

From  Chaklea,  astronomy  passed  into  Egypt,  and  was  soon 
aAdrwards  carried  into  Pbcenicia,  where  the  people  began  to 
apply  its  speculative  observations  to  the  uses  of  navigation,  and 
thus  rendereit, themselves  the  roasters  of  the  sea  and  of  com« 
merce.  Their  guide  in  steering  their  ships,  when  far  from  land, 
was  one  of  the  &tars  in  the  constellation  called  the  Littte  Bear, 
which,  unlike  olbcr  stars,  appeared  always  to  retain  the  same 
situation.  Other  nations,  icbs  skilful  in  astronomy,  observed 
only  tbe  Great  Bear  in  their  voyages,  a  guide  too  imperfect  to 
enable  them  to  lose  si^ht  of  land  with  salety. 

Thales,  the  Milesian,  who  flourished  about  700  years  befgre 
the  Christian  era,  brought  the  science  of  the  stars  from  Phenoe- 
cia  into  Greece,  where  he  taught  the  utility  of  the  consfellatioa 
of  tbe  Little  Bear  in  navigation.  He  also  taught  the  theory  of 
the  motion  of  tbe  sun  and  moon,  by  which  he  accounted  for 
the  Ieo£tb  and  shortness  of  the  days,  determined  tbe  number 
of  the  days  of  tbe  solar  year,  and  not  only  explained  the  cause 
of  eclipses,  but  showed  the  art  of  predicting  them,  which  be 
even  reduced  to  practice,  foretelling  an  eclipse  which  took  pkce 
soon  aAer,  and  was  rendered  memorable  by  ita  happening  on 
a  day  of  battle  between  tbe  Medes  and  Lydians. 
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To  AoaximanJ^,  oik  of  the  iliM.i|ilf*  of  TUei,  k  ascrib- 
ed the  iDTentioQof  ibe  lenotral  globe,  wmd  of  a  gaoii  which 
he  erected  ai  Spaita,  by  meuis  rf  which  he  ohnrfed  the  eqci- 
nozcs  and  solsiicc^,  and  deiennined  the  oUionitj  of  the  ecliptic 
moie  exactly  than  had  ever  been  dowe  bene.  The  Gm^s, 
aMMtcd  by  the  initrnctuNtt  they  had  reoeifed  bmm  Thales  and 
Anaximander,  Tmtuied  to  niahe  ooniidcnhie  Y^tymgtB^  and 
phnted  aeTcial  colonies  in  icaMyle  conntiiea;  yd  the  latter 
phikaopher  and  hb  childRti,  were  praacribad  by  the  Atheni- 
ansy  and  their  Uvea  would  have  been  acrifioedb^  far  Feridei^ 
thoM^  whoae  inflnrnoe  theaentenoe  waa  canyntcd  for  baniA- 
neni.  The  chaigeagainrt  him  wasthe  diamteiy  of  trtrth;  for 
it  was  thought  impiows  to  snppoae  the  wori»  of  the  gods 
snbject  to  immntahie  laws! 

Pythagoras,  another  of  the  discnDlcs  of  naks,  tan^ 
many  sobOme  asfiononucal  trvtha.  To  him  ii  allribwted  the 
discovery  of  the  true  system  of  the  world,  which,  after  the  lapse 
of  many  oentnries,  was  revived  by  Gipemicns,  and  which  is 
now  settled  on  the  basis  of  so  many  prow,  that  it  can  never  he 
•verthiown.  It  was  even  thonght,  in  his  school,  that  the 
planets  were  inhabited  bodies,  likt  the  earth,  and  that  the  stars 
which  are  disseminated  thrmigh  infinite  ^m^  an  sons,  and 
the  centres  of  other  planetary  systesss.  He  b  abo  said  to  have 
considered  the  comets  as  permanent  bodies,  moving  ronnd  the 
sun;  and  not  as  perbhiag  meteors,  fiMrmed  in  the  atmospheie, 
as  they  were  thought  to  be  in  after  tiosea.  Pythagoras  died 
about  the  year  497  before  ChrisL 

P  vtheas  was  the  first  who  taught  the  method  oV  dbtmgobh* 
ing  climates  by  the  length  of  the  days  and  nights,  and  about 
hb  time,  a  remarhable  emulation  to  excel  in  astronomy  pre* 
vmiled  among  the  Greds.  Endoxns,  a  disciple  of  Pbto,  not 
satisfied  with  what  he  could  learn  at  AtheM,  repaired  to  E^gypt, 
to  cultivate  astronomy  at  ito  source.  At  hb  return  he  oompiied 
several  books  on  astronomy,  and  among  others,  a  dhKriptioo 
of  the  constellations.  Eudoxus  attempted  to  explain  the  cde- 
brated  cycle  of  nineteen  years,  whidi  had  been  imagined  by 
Melon,  in  oriier  to  conciliate  the  solar  and  lunar  motions. 
Tbb  b  the  most  accurate  period,  for  a  short  interval  of  tiuie, 
that  could  have  been  devised,  for  embracing  an  exact  number 
of  revolutions  of  the  sun  and  moon ;  and  is  so  simple  and 
ntefiil,  that  when  Meton  proposed  it  to  the  Greeks,  amcsnhkd 
at  the  Olympic  games,  as  une  basb  of  their  calmdar,  it  was 
seoetved  with  great  approbatioo,  and  unaaimonaly  adopted  by 
aU  their  oolonia.  The  year  of  the  cyde  b  called  the  gohkn 
nomberi  and  isatill  i^aced  in  the  calendar. 
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Arbtotte,  the  dkciple  of  Plato,  and  the  cotitemporarj  of 
Eudoxus,  made  use  of  astronomy  for  improving  physics  and 
geography.  He  attempted  to  determine,  by  astronomical  ob- 
servations, both  the  figure  and  the  magnitude  of  the  earth. 
He  demonstrated  that  it  was  of  a  spherical  form,  by  the  circu- 
lar appearance  of  its  shadow  on  the  disc  of  the  moon  in 
eclipses;  and  from  the  ineqnality  of  the  meridian  altitudes  of 
the  sun,  which  are  different  in  diSSsreni  latitudes.  Callisthenes, 
who  attended  Alexander  the  Great,  JbtLving  been  sent  to  Baby- 
lon, found  there  astronomical  observations  made  by  the  Babylo- 
nians during  the  space  of  1903  years,  and  sent  them  to 
Aristotle. 

But  of  all  the  schools  of  antiquity  in  which  astronomv  was 
taught,  that  of  Alexandria  has  justly  attained  the  hi^^hest 
celebrity.  Here  we  have  the  first  record  of  a  combined  series  of 
observations,  made  with  instruments  proper  for  measuringanerlefl, 
and  calculated  trigonoroetrically.  Here  the  position  of  the 
stars  began  to  be  minutely  determined ;  the  course  of  the  planets 
to  be  traced  with  care;  and  the  ineoualities  of  the  solar  and 
Inoar  motions  to  be  better  known.  Tne  theory  adopted,  aimed 
Bi  the  explanation  of  all  the  celestial  motions ;  and  though 
Hiferior  to  thai  of  Pythaiporas,  yet  the  numerous  observations 
whicb  were  made,  furnished  the  means  of  detecting  its  fallacy, 
s£nd  of  enabling  succeeding  astronomers  to  discover  the  troe 

Z steal  of  nature. — Hipparcnus  of  Bithynia,  who  flourished  at 
^xandria  about  the  year  162  before  Christ,  is  particularly 
lamotts  for  the  excellence  of  his  observations,  and  he  determin- 
ed the  lenpith  of  the  tropical  year  with  a  precision  never  attained 
before,  his  result  not  varying  more  than  4|  minutes  from  the 

Ptolemy,  an  Egyptian,  who  has  always  been  considered  the 
prince  of  astronomers  among  the  aneients,  flourished  in  thesecond 
csBtorr  of  the  Cliristian  era.  He  has  preserved  and  transmitted 
to  tts  the  observations  and  principal  discoveries  of  the  ancients, 
niiGh  enridied  and  enhiiged  by  nis  own  labours,  in  a  treatise 
called  <<  The  Great  Syntaxis,"  in  which  he  gave  the  theory 
and  tables  of  the  motion  of  the  sun  and  moon,  the  planets  and 
the  fixed  stars.  He  adopted  the  most  ancient  system,  wfakh 
supposed  the  earth  to  be  in  the  centre  of  the  univeise,  and  this 
ijsteai,  to  distimniish  it  from  others,  has  been  called  the  Ptole- 
fluuc  Sjalem.  The  defiscts  of  his  svstem  did  not,  however, 
piOTSoi  him  from  calculating  all  the  eclipses  that  were  to 
nappsn  fyt  600  years  to  come. 

About  the  vcar  806,  Ptolemy's  {peat  work  was  translated  by 
the  Arabiaiis  into  their  language,  in  which  it  was  called  the 
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Almagest.  About  the  year  12S0,  it  was  translated  from  the 
Arabic  into  Latin,  under  the  auspices  of  the  emperor  Frederic 
II,  who  was  willing  that  the  Christians  should  understand  astro* 
nomy  as  well  ns  those  whom  they  styled  Barbarians.  AlphonsOi 
king  of  Castile,  went  further,  for  he  assembled  the  most  able 
astronomers  from  all  parts,  who  composed  new  tables,  called 
after  him  the  Alphonsine  tables. 

By  these  means  the  attention  of  the  leamocl  men  in  Europe 
became  directed  to  a  science,  the  knowledge  of  which  promised 
so  much  gratification,  utility,  and  fame.  Calculations  mnd 
treatises  became  Tcry  frequent,  as  well  as  the  invention  of 
instruments  to  facilitate  observations.  The  most  memorable 
event  of  this  period  was  the  revival, of  the  ancient  or  Pyihago- 
rean  system  of  the  world,  which  had  been  set  aside  ever  since 
the  time  of  Ptolemy.  This  was  done  by  Nicholas  Conernicus, 
a  native  of  Thorn,  in  Prussia,  born  in  1472.  The  Ptolemaic 
system,  which  supposes  the  Earth  to  be  fixed  in  the  centrei'of  the 
universe,  and  the  oun  and  Moon,  with  Mercury,  Venus,  and 
the  other  phinets,  to  revolve  about  it  in  concentric  circki,  be 
perceived  to  be  inconsistent  with  the  phenomena,  and  encum- 
bered with  many  absurdities  which  did  not  aflect  the  liypothesh 
which  considered  the  sun  to  be  in  the  centre,  and  tbe  Earth  a 
planet  revolving  annually  with  the  rest  abont  the  sun,  and 
daily  on  its  own  axis.  He  established  his  theory,  by  such 
incontrovertible  reasoning,  that  it  gradually  prevailed  from  Clml 
time,  and  continuing  to  spread  with  the  lapse  of  ages,  H  b  now 
the  only  one  receive  in  Europe,  and  wherever  true  science  it 
known.  But  Copernicus  bad  not  himself  the  satisfiiction  of 
seeing  the  triumph  of  the  theory  he  defended ;  threatened  with 
persecution  by  the  religious  bigots  on  one  side,  and  with  a 
perverse  opposition  from  those  who  called  themselves  plnkiKH 
phers,  on  the  other,  he  could  not  be  prevailed  upon  to  publish 
the  work  which  contained  the  result  of  his  observations,  till  \iamf( 
after  it  had  been  finished.  His  consent  to  the  publication  of  il 
was  wrung  from  him  by  the  importunities  of  his  friends,  and  a 
copy  was  brought  to  liim  only  a  tew  hours  before  his  death,  which 
happened  in  his  71st  year.  In  this  age,  or  father  ia  Uiii 
country,  we  regard  with  astonishment  the  degrading  thraidfom 
to  which  the  human  mind  was  in  these  times  subjoded. 

The  only  opposition  of  any  consequence  which  the  theoty 
of  Copernicus  ever  met  with  from  science  and  argamcat,  pro* 
cfrdetl  from  Tycho  Brahe,  a  celebrated  Danish  aslioaoiaer, 
who  attempted  to  set  up  against  it  a  theorr  of  his  own.»» 
His  system  is  not  very  different  from  the  Ptolemaic,  bat  is 
generally  called  by  his  name.    He  supposed  the  earth  to  be 
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immoveable  in  the  centre  of  the  untverae,  and  the  sun  to  revolve 
about  it  every  twenty«four  hoarB:  the  planets  be  thought  went 
round  the  lun  in  their  periodical  times,  Mercury  being  nearest 
to  the  sun,  then  Venus,  Mars,  Jupiter,  and  Saturn,  and  of 
course  to  revolve  also  about  the  earth.  But  some  of  Brahe^s 
disciples  supposed  the  earth  to  have  a  diurnal  motion  round  its 
axis,  and  the  sun,  with  all  the  planets,  to  move  round  the  earth 
in  one  year.  The  inconsistencies  with  which  this  hypothesis 
abouncied,  will  be  most  obvious  when  we  have  explained  the 
Copernican  or  true  system.  In  defence  of  Brahe's  just  fame,  it 
is  proper  to  add,  that  though  he  adopted  an  erroueous  theory, 
he  rendered  very  important  services  to  astronomy,  by  the  cor« 
rectness  and  number  of  his  observations. 

Kepler  was  one  of  the  pupils  of  Tycho  Brahe,  and  a  man 
of  a  truly  original  and  admirable  genius.  Hipparchus,  Ptole- 
my, Tycho  Brahe,  and  even  Copernicus  himself,  were  indebted 
for  a  great  part  of  their  knowledge  to  the  Egyptians,  Chaldeans 
and  Indians;  pursuing  paths  already  point«l  out,  they  did  little 
more  than  separate  fancy  from  fact,  with  more  or  less  success;  but 
Kepler,  by  his  own  talents  and  industry,  has  made  discoveries 
of  which  no  traces  are  to  be  found  in  the  annals  of  antiquity. 
Galileo  was  contemporary  with  Kepler,  and  while  the  latter  was 
tracing  the  orbits  of  the  planets,  and  settling  the  laws  of  their 
motions,  he  was  investigating  the  doctrine  of  motion  in  general, 
which  bad  been  neglected  for  SOOO.years,  and  from  the  results 
of  their  united  labours,  Newton  and  Huygens  were  afterwards 
enabled  to  establish  the  most  complete  theories  of  all  the  planet* 
ary  motions.  Though  Galileo  proved,  in  the  most  inoontesti- 
ble  manner,  the  annual  and  diurnal  motion  of  the  earth,  his 
doctrine  was  declared  heretical  by  a  congregation  of  cardinals 
assembled  for  the  purpose,  and  though  not  only  venerable  for 
bb  years,  but  also  one  of  the  most  virtuous  and  enlightened 
men  of  his  age,  he  was  condemned  to  perpetual  imprisonment| 
for  believing  and  promulgating  truths  which  accorded  with  the 
order  of  nature,  and  which  he  therefore  believed  to  be  written 
with  the  finger  of  God.  Through  the  solicitations  of  his  great 
patron,  the  Grand  Duke  of  Tuscany,  hepartiallv  regained  his 
liberty  at  the  end  of  a  year,  and  in  1648  lie  died,  regretted  by 
the  learned  andliberal  of  all  Europe. 

From  the  time  of  Newton,  who  carried  the  theoretical  part 
of  the  science  to  perfection,  astronomv  has  never  been  without 
■n  illustrious  phauinx  of  supporters,  whose  particular  merits  and 
discoveries  it  would  be  impossible  to  mention  in  this  concise 
historical  abstract  We  shall  now  therefore  proceed  with  the 
denentary  details  of  the  science. 
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acconHni^  to  erttaai 
•Iwa js  apptar  to  be 


tb4t  oftlie  eurth,  and  all  tbeolhar  iaed 
fans,  ubieb  to  as  appear  saali,  aa 
tibrir  dntanccs  froai 
bar  totbe  fixed  stan,  ii,  that  tbej 

Tbe  tciai  pUmH  v  derifvd  fioia  a 
mmdcfcr,  aad  is  gifca  to  t\ 
chaaffiai;  Ihetr  poHtioa  wilb  rcqieel  to 
witb  mpcct  to  tbe  fixed  ftars. 

Dr.  Hmcbri  nme  particakri j  defiaei  pliaflli  to  be 
lial  bodies  ol  a  esasideiable  siae  aad  saaJl  ecteatikity  of  oibit» 
Wfomnfm  phoics  tbal  do  aol  dtt iiit  a—y  dggteu  ftoia  tbataf 
tbe  eaitb,  ia  a  diiect  coaiae,  aad  ia  oifaits  at  coasidenbk  db* 
laaoes  bom  eacb  otbcr,  witb  atoaispbeRS  of  roaiiikiibh 
exteaC,  bat  beariag*  bardly  aay  seauble  pioportiua  to  tbeir 
diaineten,  aad  baTiag^  aiMlilcs  or  riags. 

Tbe  plaaets  aie  faitber  dktaanabed  iato  ptwmmm  aad 
wetxmdaty.  Tbe  priiaaiy  oaca,  caUtd  by  way  of  eiaiaeaoe» 
iriaacCSy  aretbosewbicbfevolveniaadtbesmasaceaitie;  aad 
tbe  seooadaty  pianets,  laoie  awnlly  called  fafc/lfo,  or  atsoat , 
are  tboae  wbtcb  rerolre  roaod  a  pruoaiy  plaaet  as  a  ccateiy  aad 
oonstaDtly  aitead  it  ia  its  lerolntioo  niaad  tbe  saa. 

Tbe  prioiaiy  pbuMts  aie  agaia  diitiMaisbed  iato  mfmo% 
aad  imfmor.  Tbe  soperior  pbmets  ate  tbese  fartber  from  tbe 
aan  tban  oar  Eartb,  as  Ulan,  Jopiter,  Satora,  and  tbe  Uenctel: 
and  tbe  inferior  pfauoets  are  tbose  nearer  tbe  san  tbaa  oar  fiaitb, 
as  Venas  and  Mercnfy. 

Tbe  newly  discorered  pbunets,  Ceres  Feidiaaadea,  Jaao^ 
Pallas  and  Vesta,  and  all  sacb  as  may  beteaAer  be  diaoofored, 
and  feand  io  resemble  them,  Dr.  Herscbel  pnipoaea  la  call  by 
tbe  name  of  asierokby  which  be  defines  as  crlesthl  bodia, 
moving  in  orbits  either  of  little  or  of  ooosiderable  eoosatridty 
nmnd  tbe  san,  the  plane  of  which  may  be  indiBed  to  tbe 
ecliptic  in  any  angle  whatsoerer.  This  motioa  may  be  direol 
or  retiograde ;  ai3  they  may  or  may  not  laife  coaskbtabk 
atmospheres,  rery  small  oomas,  discs,  or  naclei. 

Comeii  are  celestial  bodies  moving  in  dimdioaa  wbaHy 
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undctemiuied,  in  very  eccentric  orbits,  situated  in  every 
yartety  of  poBition,  and  havinc  very  extensive  atmospheres. 

Planets^  satellites,  asteroids,  -  and  comets,  all  shine  by 
reflected  light. 

The  planets,  for  the  convenience  of  expressing  them  on 
globes,  or  in  tables,  &c.  are  often  denoted  by  peculiar  charac- 
ters, as  follows :  Mercury  Q  ;  Venus  9  ;  the  Earth  0;  Mars^jr 
Jupiter  % ;  Saturn  f> ;  and  the  Georgium  Sidus,  or  Georgian 
Planet,  which  the  foreign  astronomers  usually  call  Uranus,  or 
Herschel  ^.  The  four  lately  discovered  planets,  or  asteroids, 
have  not  yet  any  peculiar  characters  assigned  to  them. 

The  orbU  of  a  planet  or  comet,  is  its  path,  or  the  curve  it 
describes  in  its  revolution  round  its  central  body.  The  orbits 
of  all  the  planets  are  elliptical,  yet  they  deviate  bat  yery  little 
from  circles;  while  the  orbits  of  comets  deviate  widely  from 
circles,  and  are  therefore  said  to  haye  great  eccentricity. 

The  direct  motion  of  a  planet,  is  when  it  appears  to  move 
from  west  to  east.  Its  retrograde  motion^  is  when  it  appears  io 
move  the  contrary  way,  that  is  from  east  to  west.  When  a 
planet  seems  to  remain  a  certain  time  in  the  same  place,  it  is 
said  to  be  stationary. 

The  eeSptk  is  that  path  or  way  which  the  earth  appears  to 
describe  among  the  fixed  stars,  to  an  eye  placed  in  the  sun ;  or^ 
which  amounts  to  the  same  thing,  it  is  the  path  which  the  sua 
appears  to  describe  among  the  stars',  to  an  eye  on  the  earth. 

The  zodiac  is  a  zone  extending  eieht  di^rees  on  each  side  of 
Ae  ediptic  all  round  the  beavena.  It  is  diyided  into  IS  equal 
parts,  called  sims ;  and  as  every  circle,  whether  mat  or  small, 
is  supposed  to  be  diyided  into  S60  degrees,  each  sign  of  the 
sodiac  contains  90  degrees. 

Each  sign  of  the  lodiac  is  distinguished  by  a  particulai 
name,  and  each  name  is  denoted  by  a  particular  symbol,  which 
is  sometimes  nsed  alone.  These  names  and  symbols  are  as 
follows:  Aries  y^;  Taurus  ^ ;  Gemini  H  ;  Cancer gS;  I^»$l/ 
Virgo  1DJ ;  Libra  :Ss ;  Scorpio  111 ;  Sagittarius  J  ;  Capricomusyf ; 
Aquarius^,  and  Pisces^.  The  signs  of  the  zodiac  are 
situated  in  tbeorder  in  whicn  they  are  here  enumerated,  reckoning 
from  west  to  east,  which  is  called  the  ord/tr  of  the  signs. 

The  fixed  stars  are  divide  into  groups,  called  eonsiellatioms^ 
which  comprise  a  number  of  stars  that  appear  to  be  near  each 
other.  The  ancients  distinguished  the  constellations  by  the 
names  of  men,  birds,  fishes,  &c.  such  a  name  being  selectedi 
thai  the  stus  of  the  constellation  it  is  given  to,  could  be  con* 
tained  within  a  %nre  of  the  original.  Then  in  order  to 
specify  any  particular  star,  thej  spoke,  for  instance,  of  the 
riar  on  the  ahQiddcc  of  Orioo^  or  on  the  tiul  of  the  fishi  &c. 
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The  assistance  these  imaginary  figures  afibid  to  tlie  memtHy^ 
has  indnced  tlie  modems  to  oontinoe  the  use  of  Ihem,  with  some 
improYements.    They  nae  the»  oonstelbitioDs  to  indicate  the 

Gneral  assemblage  of  stars  in  a  certain  portion  of  tlie  heavens; 
t  they  distinguish  each  paiticniar  star  by  a  Greek  letter,  or 
|yy  figures,  as  1,  2,  3,  &c,  and  mark  its  true  phuse  by  mention* 
ing  its  distances  from  particular  points. 

The  horizon  b  either  satsSJe  or  ratianal,'  the  sensible  hori* 
son  is  that  circle  which  limits  our  view;  the  rational  or  trot 
boriaoo  is  parallel  to  the  former,  and  is  a  circle  in  the  heaTens 
supposed  to  be  formed  by  the  continuation  of  a  plane  which 
pasMs  through  the  centre  of  the  earth.  The  planes  of  these 
two  horizons,  aie  separated  by  the  earth's  semi-diameter,  but 
with  respect  to  the  heavens  they  may  be  considered  ascoincident, 
the  distance  of  the  fixed  stars  being  so  prodigiously  great, 
that  the  error  c»f  considering  the  earth's  semi-diameler  as  a 
point,  is  insignificant. 

The  whole  concave  orb  or  expanse  which  invests  our  gtobe, 
and  in  which  the  heavenly  bodies  are  seen,  is  called  the  spkert. 

The  sphere  appears  to  turn  round  two  points  which  are 
opposite  each  other,  and  are  caUed  the  poUt  of  ike  worlds  one 
of  them  being  called  the  arcUcj  or  north  pole;  and  the  othv  the 
aniarOcy  ox  south  pok.  The  axb  itself,  or  that  imaginary  line 
which  joins  the  two  poles,  b  called  the  arir  of  the  mrUL 

The  highest  point  of  the  heavens,  or  that  directl/  over  our 
heads,  is  called  the  sendA. 

The  opposite,  or  lowest  point  of  the  heavens,  which  is 
directly  unoer  our  feet,  is  called  the  nodb*. 

The  nodes  are  the  two  points  in  which  the  orbit  of  a  planet 
intersects  the  ecliptic.  That  node  from  which  the  planet 
ascends  north  wa^,  above  the  plane  of  the  ecliptic,  is  called  the 
ascending  node;  the  other  node,  from  which  the  planet  descends 
southwara,  is  called  the  descending  node*  A  line  passiiy  from 
one  node  to  the  other,  is  called  the  tine  of  nodes. 

The  orbit  of  each  planet  being  an  ellipse,  in  one  fecus^  of 

*  The  Datnre  of  the  foci  of  an  ellipse  is  wcfl  shown  hy  the  tmamnm  oNdn^ 
nical  method  of  descrihiiis  that  figure:  two  plot  or  asils  are  Mtea  te 
caoogH  isto  a  board  to  bear  a  slight  preasare;  a  cord  with  its  two  cads  fts- 
teocd  together,  so  as  to  tbrm  what  is,  io  the  arts*  called  ao  endlc«  cord,  m  thea 
put  over  them;  and  a  pencil  or  any  marking  instroment  b  employed  to  stretch 
one  point  of  the  cord  parallel  to  the  board,  and  at  the  same  time  to  amrh  oat 
ito  coarse,  while  the  hand  carries  it  roond;  the  line  prodnced  fUis nrto  itaeU; 
and  forms  an  empte,  of  which  the  naiboccnpy  the  places  called  the  M.  Tboie 
«bo  have  onoa  tried  the  experiment,  immediately  pefccife,.that  the  toagtt  thn 
•adlem  cord,  while  the  nails  retain  the  mme  distance,  the  nearer  the  dUpse  a^ 
proacfacs  to  a  circle;  and  on  the  contrary,  the  shorter  it  is,  the  nearer  the  frd 
are  to  the  sides.  The  distance  between  either  of  the  <M  and  the  centre  of  ao 
ellfpse,  ii  called  its  ecccatridty. 
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which  the  ran  is  situated,  it  is  obvious  that  the  distances  of  the 
phwets  from  the  sun  is  difieient  at  difierent  times.  The  points 
of  the  greatest  and  least  distance,  when  spoken  of  indifleiently, 
ave  called  the  apsides  of  the  planet;  but  when  contradistinction 
is  necessary,  the  point  of  greatest  distance  is  called  the  higher 
apsisy  or  apheSon;  the  point  of  least  distance  is  called  the 
lower  ajfsisy  or  perihelion.  The  line  connecting  these  two 
points,  is  called  the  line  of  the  apsides^  and  is  supposed  to  pass 
through  the  centre  of  the  sun. 

When  the  sun  or  moon  is  at  its  least  distance  from  the  earth, 
it  is  said  to  be  in  perifpree. — When  either  is  at  its  greatest  dis- 
tance from  the  earth,  it  is  said  to  be  in  apogee. 

To  those  who  live  exactly  under  the  equator,  the  poles  of 
the  world  appear  in  the  horizon;  hence  that  situation  is  called 
the  TUfht  posUion  of  the  sphere. 

1^  those  who  have  either  of  the  poles  of  the  world  in  dieir 
ssenith,  the  horizon  coincides  with,  or  is  parallel  to  the  equator; 
hence  that  situation  is  called  a  parallel  sphere. 

To  all  the  other  inhabitants  of  the  earth,  the  sphere  is  said 
to  be  in  an  chHque position^  because  (be  eauator  is  neither  per- 
pendicular nor  parallel,  but  oblique  to  the  uorizon. 

These  definitions  and  explanations  are  brought  together,  for 
the  more  easy  reference  of  tne  reader,  but  a  variety  of  others, 
with  more  enlarged  explanations  of  spmis  already  enjinierated| 
'"  be  necessary  as  we  proceed* 


Of  the  apparent  Motions  of  the  heavenly  Bodies. 

As  tfaie  true  motions  of  the  heavenly  bodies,  can  only  be  ob- 
tained by  a  careful  observation  of  their  apparent  ones,  it  is 
absolutely  necessary  for  those  who  wish  Iq  oecome  acc^uainted 
with  them,  to  know  perfectly  the  difieient  changes  which  take 
place  in  the  heavens  as  seen  irom  the  earth,  the  onlv  place  from 
which  man  can  make  anv  observation.  By  carefully  attending 
to  these,  a  little  knowledge  of  optics  will  enable  us  to  under- 
stand with  great  certainty,  not  only  the  true  system  of  nature^ 
bat  also  what  appearance  the  heavens  would  make  to  a  speotaf 
tor  P^^>^  in  any  part  of  the  visible  crei^tioa. 

When  we  cast  our  eyes  towards  the  heaFeos,  we  perceive  a 
vast  concave  hemisphere,  at  an  unknown  distance,  and  of 
which  the  eve  seems  to  constitute  the  centre.  The  earth,  or 
oar  sensible  horiion,  stretching  on  every  side  like  an  immense 
plain,  appears  to  meet  and  to  bound  the  heavenly  expanse. 
The  son  we  observe  to  rise  in  the  east,  and  to  set  in  the  west;  after 
which  the  moon  and  stars  appear,  still  keeping  the  same  westerly 
ooofse,  till  we  lose  sight  of  them  altogetner.  We  further 
discover^  upon  attentive  and  repeated  obKrvation,  that  oeitber 
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the  sun  nor  the  moon  always  rise  exactly  in  the  same  pmnt  of 
the  heavens.  If  we  begin  to  observe  the  sunt  for  inst^oe,  in 
the  beginning  of  March,  we  find  that  he  seems  to  rise  almost 
every  day  more  to  the  northward  than  he  did  the  day  before^ 
to  continue  longer  above  the  horizon,  and  to  be  nearer  the 
zenith  at  n)id-day.  This  continues  nearlpr  to  the  end  of  June^ 
when  he  is  observed  to  move  backward  in  the  same  manner ; 
and  his  retrograde  motion  continues  till  nearly  the  end  of 
Decemlier,  after  which  he  gradually  attains  the  point  from 
which  he  set  out,  and  again  renews  the  pbenon^enon. 

The  motion  of  the  moon  through  the  heavens,  as  well  fs 
her  appearance  at  different  times,  are  still  more  remarkable 
than  (nose  of  the  sun.  When  she  first  becomes  visible,  at  the 
time  f^he  is  called  the  new  moon,  she  is  in  the  western  parts  at 
the  heavens,  and  appears  to  be  at  no  great  distance  from  the 
sun  himself.  Every  night,  she  not  only  appears  larger  bat  al 
a  greater  distance  from  the  sun,  till  at  last  she  rism  ftoqk  the 
eastern  part  of  the  horizon,  just  at  the  time  the  sun  disappears 
in  the  western,  and  presents,  at  the  same  tune,  a  compietelv 
circular  face.  She  then  gradually  moves  farther  eastvmrdy 
diminishing  in  size,  and  rising  later  and  later  every  night,  till 
at  last  she  seems  to  approach  toe  sun  as  nearly  in  the  cast  4S  she 
did  in  the  west,  and  rises  only  a  little  before  him  in  the  mam* 
ing,  as  in  the  first  part  of  her  course  she  set  in  the  west  mii 
long  afler  him.  All  these  different  appearmioes  aie  compleM 
in  the  space  of  a  month,  after  which  they  bi^in  in  the  same 
order  as  before.  They  arc  not,  however,  9JL  m  times  regular ; 
for  at  some  seasons  of  the  year,  particularly  in  birv^  the 
moon  ajipcara  for  several  days  to  recede  no  farther  Irom  the  tmit 
and  to  rise  for  several  nights  nearly  at  the  sftme  hour. 

In  contemplating  the  stars,  on  ^  clear  evening,  w^  obsenw 
continual  chan|;es.  New  stars  keep  rising  in  the  east,  while 
others  are  settmg  in  the  west.  Looking  towards  the  soath9 
some  stars  just  appear  on  the  horizon,  skim  its  boundary 
for  a  little  while,  without  rising  above  it,  and  tbeuYimiih; 
others,  a  little  farther  from  the  south,  rise  above  the  beraoiiy 
make  a  small  arc,  «(nd  then  go  down ;  while  some  ilgaia  d^ 
scribe  a  larger  arc,  and  take  a  longer  time  befo^  tbey  set*  If 
we  look  toward  the  north,  we  find  that  some  just  skim  Ike 
horizon,  thep  mount  to  the  middle  of  the  hcfiveasi  then  iffain 
descend  and  reipount,  without  ever  dimppeariaA.  Olkeva 
describe  complete  circles,  without  desoeiiding  |o  Uie  hipriaoa, 
and  these  circles  diminish,  till  at  last  we  arrive  at  a  stair  that 
the  eye  cannot  perceive  to  have  uny  motion,  but  whidi  aecmft 
to  be  in  that  particular  point  round  which  the  whole  hi)pii|Hiliwr 
appeaif  to  turn.    This  star,  is  called  the  pole^dar. 
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Upon  considering  these  phenomena,  it  is  easy  to  conceive, 
that  as  there  is  a  hemisphere  above  us,  there  is  also  its  coim* 
terpart  below  us,  though  invisible;  and  that,  of  course,  the 
earth,  with  all  its  inhabitants,  is  suspended  in  the  middle  of 
this  heavenly  sphere,  which  the  horizon  divides  into  two  parts. 
Consonantly  with  this  idea,  we  find,  that  the  remarkable  star 
called  the  pole-star  is  more  or  less  elevated,  according  to 
the  difierent  parts  of  the  earth  from  which  vre  take  our  view. 
The  inhabitants  of  Lapland,  for  instance,  see  it  much  nearer 
the  zenith  than  we  do ;  we  see  it  nearer  the  zenith  than  the  inha- 
bitants  of  France  and  Spain ;  and  they  again  see  it  nearer  the 
»mith  than  the  inhabitants  of  Barbary.  By  continually  travel* 
ling  south,  this  star  would  be  seen  nearer  and  nearer  to  the 
horizon,  and  would  at  length  become  invisible.  Another  point 
would  then  appear  in  the  south  part  of  the  horizon,  round 
which  the  stars  in  that  quariier  would  seem  to  turn.  In  the 
southern  hemisphere,  however,  where  we  should  now  be 
arrived,  there  is  no  star  so  near  the  pole  as  in  the  northern,  oof 
is  the  number  •f  stars  so  great. 

Hence  we  know  that  if  the  opacity  of  the  earth  did  not  limit 
our  yiew,  the  general  appearance  of  the  heavens  would  be 
that  of  a  vast  concave  spnere,  turning  round  two  points  fixed 
In  the  north  and  south  parts  of  it  once  in  twenty-four  houts. 

On  further  observation  of  the  stars,  ^e  find  the  greatest 
number  of  them  to  keep  their  places  with  respect  to  one  another, 
that  is,  if  we  observe  two  stars  having  a  certain  apparent  dis- 
tance from  each  other  this  night,  we  find  that  they  have  the 
same  to-morrow,  and  every  succeeding  night ;  but  we  by  no 
means  observe  them  to  have  the  same  places  with  respect  to  the 
sun  and  moon.  The  stars  that  do  not  appear  to  be  of  this  fixed 
kind,  are  very  few  in  number ;  the  nakra  eye  can  see  but  seven, 
and  astronomers  with  the  use  of  the  best  telescopes,  have  not 
added  more  than  four  to  that  number.  These  eleven  stars  areth^ 
planets  and  asteroids  defined  in  the  preceding  section,  and  they 
change  their  places  very  remarkably  with  regard  to  the  stare, 
and  with  r^rd  to  each  other.  Sometimes  they  seem  to  be 
moving  to  the  westward,  sometimes  to  the  eastward,  and  some- 
times they  appear  stationary  for  a  considerable  time.  There  are 
Other  bodies,  which  appear  only  occasionally,  move  for 
some  time  with  prodigious  velocity,  and  then  recede  from  us  so 
far,  that  they  cease  to  be  visible.  These  are  comets^  of  which 
the  number  b  unknown. 

To  obtain  correct  riews  of  the  motions  of  the  heavenir 
bodies,  it  is  necessary  to  possess  the  means  of  indicating  with 
precision,  the  places  they  occupy.  This  is  done  by  several 
magiaary  lioei  or  circles  sopposed  to  be  described  upon  the 
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may  go  round  the  globe  without  changing  his  meridian ;  but  if 
he  travel  east  or  vest,  he  changes  it  every  instant.  The  num* 
ber  of  meridians  may  therefore  be  supposed  to  be  infinite,  but  a 
Teiy  small  number,  seldom  more  than  thirty^six,  are  drawn 
upon  maps  and  globes.  At  mid^y,  when  the  sun  has  attained 
his  greatest  elevation,  his  centre  is  precisely  on  the  meridian  of 
the  place  where  he  is  observed,  and  the  moment  he  has  passed 
the  meridian  he  declines  towards  the  west.  The  meridian 
divides  the  circles  described  by  the  stars  into  two  equal  parts, 
and  those  stars  which  never  sink  below  the  horizon,  may  be 
observed  to  cross  it  twice  in  twenty-four  hours.  All  the  rest  of 
the  stars  as  well  as  the  sun,  do  the  same,  but  when  the^  pass  the 
meridian  below  our  horizon,  they  are  of  course  invisible  to  us. 

The  second  remarkable  azimuth  is  called  the  prime  veHical. 
It  divides  the  eastern  and  western  sides  of  the  horizon  into  two 
equal  parts,  and  the  points  of  intersection  are  called  the  true 
east  and  west  points ;  so  that  the  meridian  and  prime  vertical 
divide  the  horizon  into  four  equal  parts,  and  the  points  of 
division,  viz.  the  nor/A,  the  eastj  the  souih  and  Uie  zoesi^  are 
called  the  principal  points  of  the  horizon,  or  cardinal  poinism 

These  three  great  circles^  viz.  the  equator,  the  meriaian,  and 
prime  vertical,  form  the  bittis  of  reference  in  observations  on 
the  heavenly  bodies,  and  it  is  therefore  necessary  to  determine 
their  relative  situations.  If  the  pole-star  had  been  aocuratdy 
at  the  pole  of  the  heavens,  nothing  more  would  be  neccBsary, 
in  Older  to  obtain  the  altitude  of  the  pole,  but  to  take  the  aiti* 
toe  of  this  star,  but  os  it  is  at  the  distance  of  2  degrees  from  the 
pde,  2  degrees  must  be  added  to  this  altitude,  to  find  that  of 
the  pole.  The  elevation  of  the  pole  beinsr  known,  it  is  easy 
to  find  that  of  the  eooator.  Thus,  in  fig.  1,  pi.  II,  HMO,  or 
the  vbible  part  of  tne  heavens,  contains  180  degrees ;  and  it  is 
90  degrees  from  the  pole  P,  to  E  the  equator.  If,  therefore, 
we  take  away  P£  from  the  semi-circle  HMO,  there  remains 
90  degrees  for  the  other  two  arcs,  PH,  and  EO,  that  is,  the 
elevation  of  the  pcrfe  and  the  equator  are  together  equal  to  90 
degrees ;  so  that  the  one  being  known,  and  subtracted  from  90, 
it  will  ^ive  the  other.  Hence  the  elevation  of  the  pole,  at  any 
place,  is  equal  to  what  the  elevation  of  the  ec^uator  wants  of  90 
degrees ;  and  the  elevation  of  the  equator  is  equal  to  the  dis- 
tmce  from  the  pole  P  to  the  zenith  M. 

We  cannot,  under  ordinaiy  circumstances,  observe  the 
sun's  motion  among  the  fixed  stars,  because  his  splendour 
prevents  their  beinj^  teen ;  but  we  can  observe  the  instant  of  his 
coming  to  the  meridian,  and  his  meridional  altitude.  We  caa 
also  compute  what  point  of  the  starry  heavens  comes  to  the 
same  meridian  at  the  same  time,  and  with  the  same 
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If;  theK  aiecalU  frcpirf ,  of  wkkh  ttet  Oft  the toiA  iSe  of  ^ 
cmntor  k  called  the  irapie  of  Gtpnrom,  mad  thfll  oft  the  aorth 
aide  of  the  eaaator,  the  fropir  of  Cmrt.  The  tae  jiafar  car*- 
dety  VGy  IK,  aie  at  the  HOK  Atanee  fiwa  tte  two  palai  flirf 
the tfopica afe fioaa the eataaior,  wMmdjfSi'*. 

The  difUiioe  of  the  heavenlj  bodka  froat  the  eqaatar  if 
called  their  dMhiol»»,  which  ta  ved  with  the  adfitiao  of  the 
word  iioffth  or  aooth,  io  deaole  on  which  side  of  the  eqartor 
ther  ate.  The  dedination  of  the  ana  can  aefcr  exceed  the 
obliqoitj  of  the  ecliptic;  baft  the  iCan  hare  ail  dqp«ei  afdedi* 
natioo,  becanae  thej  haye  all  degieei  of  akitade.  Cheat 
ctrdea,  diawn  through  the  poka  m  the  equator,  ate  called 
etrekt  cf  deeSnaUafn  or  meruBmiSj  becanae  upon  tbcm  decUna* 
tioo  It  meaaared.  Twentj-faiir  of  these  circles  of  debHaaAaon, 
are  called  Aotir  ehrdes/  because  each  of  them  eoidaiaa  If 
dffreesy  which  qiaoe  the  saa  pasMS  o? ei  every  hoar. 
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The  righi  ascension  of  the  heavenly  bodies  is  their  distance 
from  the  first  point  of  Aries  Y^,  estimated  in  time  on  the  equa« 
tor,  where  cut  by  a  declination  circle  passing  through  the  body, 
reckoning,  as  above  stated,  15  degrees  for  every  hour. 

The  obSque  ascension  of  a  celestial  body  is  an  arc  of  the 
equator,  extending,  according  to  the  order  of  the  assigns,  from 
Aries  to  that  point  of  the  equator  that  rises  with  the  star  in  an 
oblique  sphere;  and  the  difference  between  the  right  and  the 
oblique  ascension  of  the  body,  is  called  the  ascensional  di^erence. 

The  latitude  of  a  star  is  its  distance  from  the  ecliptic,  mea- 
sured on  a  circle  of  latitude^  which  is  a  circle  perpendicular 
to  the  ecliptic,  ana  is  either  north  or  south,  as  the  star  is  situ* 
ated  either  on  the  north  or  south  side  of  the  ecliptic. 

The  longUude  of  a  star  b  estimated  from  tne  first  point  of 
Aries  to  tne  place  where  a  line  from  the  star  would  cut  the 
ecliptic  perpendicularly,  or  would  cut  the  star's  circle  of  lon- 
gitude. Circles  of  hnptude  are  lesser  circles  parallel  to  the 
ecliptic,  and  which  dimmish  as  they  recede  from  it.  The  longi- 
tude of  a  star,  is  of  course,  like  its  latitude,  either  north^or  south. 

When  the  latitude  or  longitude  of  a  celestial  body  is  spoken 
of  as  if  that  body  were  seen  from  the  centre  of  the  sun,  it  is 
said  to  be  heliocentric;  but  when  the  body  is  supposed  to  be  seen 
from  the  earth,  its  latitude  or  longitude  is  said  to  be  geocentric. 

Of  the  Figure^  Motion^  and  Magnitude  of  the  Earth — Magni» 

tude  and  Distance  of  the  Sun  and  Moon^-^mdof  planetarjf 

Motion. 

Haviuff  now  taken  a  superficial  view  of  the  general  pheno- 
mena of  the  heavens,  and  of  the  principal  lines  or  circles  which 
constitute  the  artificial  means  that  have  been  adopted  to  give 
precision  to  our  ideas  in  speaking  of  these  phenomena; — we 
may  now  proceed  to  inquire  whether  the  evidence  of  visioa 
does  not  require  conection  from  our  iudgment.  This  exami- 
nation of  our  first  impressions,  will  lead  us  to  ascertain,  if  we 
can,  the  real  figure  and  size  of  the  earth,  and  when  we  have 
satisfied  ourselves  on  these  points,  we  may  then  proceed  to  con- 
sider whether  the  earth  is  in  motion  or  at  rest,  tor  till  we  have 
done  this,  it  is  clear  we  can  form  no  rational  judgment  of  the 
iwl  motions  of  the  stars. 

Mankind  at  first  considered  the  general  figure  of  the  earth 
to  be  that  of  an  illimitable  plain,  ancT  we  have  every  reason  ta 
suppose,  that  they  found  it  difficult  io  divest  themselves  of  a 
prqadice  so  natural.  But  when  observations  of  certain  appear* 
anees  on  the  earth,  and  of  the  motions  of  the  heavenly  bodies, 
tecame  considerably  multiplied,  and  compared  with  each 
other,  the  mote  penetrating  of  our  forefathers  would  perceive 
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tbat  tbe  earth  coaU  not  possiUj  be  a  piain,  and  that  if  H  was 
noC  a  plain,    it   was  in  all  probabtlitj  not  boondlen.     In 
the  flat  oonntriet  of  the  East,  on  approaching  any  derated  and 
very  distant  object,  it  woald  be  perceived  that  the  top  of  that 
object  first  became  TisiUe,  tbat  the  lower  parts  appealed  in  T^p^ 
hff  sQcoesBion,  and  that  the  base  was  seen  the  hst  of  all.     l%is 
would  be  fonnd  a  constant  phenomenon,  depending  upon  no 
accidental  circumstance,  but  observable  in  eveiy  direction;  and 
the  clearer  the  atmosphere,  and  the  more  distinct  the  difleiencse 
between  the  base  and  the  summit,  the  more  obrious  it  would 
appear.     If  the  earth  were  a  plain,  the  surftoe  of  water  m^ht 
certainly  be  expected  to  exhibit  perfect  flatness;  tbe  local  ine- 
qualities of  the  land  were  easily  accounted  for,  but  wafer  oonld 
rest  only  at  a  perfect  level.     When,  therefore,  in  sailing  from 
land,  it  was  found  that  the  base  of  all  elevated  objects  disap- 
peared  first,  and  all  the  other  parts  in  succession,  in  a  still  more 
regular  and  remarkable  manner  than  upon  land,  a  doubt  conld 
hardly  remain  of  the  curvature  of  the  earth's  general  surface; 
the  progress  of  knowledge  gradually  rendered  the  iaot  mors 
evident,  and  at  last  it  received  the  most  ample  confirmation, 
firom  a  circumstance  within  the  comprehension  of  every  one. 
Magellan,  Sir  Francis  Drake,  Lord  Anson,  CSaptain  Cooke, 
and  others,  have  all  at  diffisrent  times,  sailed  round  the  earth. 
They  set  out  firom  European  ports,  and  by  steering  their  course 
westward,  arrived  at  fength  at  the  very  place  they  departed 
from,  which  could  not  have  happened,  had  the  earth  been  of 
any  other  than  a  globular  figure.    These,  as  well  as  all  other 
navigators  and  travellcR,  whatever  the  direction  or  length  of 
their  course,  still  find  themselves  surrounded,  as  much  as  those 
who  never  change  their  residence,  by  the  same  appearance  of 
an  immense  vault,  in  which  the  stars  are  beheld.     It  is  clear, 
therefore,  that  the  earth  has  nothing  analogous  to  what  men 
would  call  a  support,  but  that  it  exists  by  itself,  perfectly 
detached  from  all  other  bodies,  '*  in  the  unfathomable  expanse 
of  the  Universe.'* 

From  the  spherical  form  of  the  earth,  it  follows,  that  all  tto 
inhabitants,  being  directed  with  their  fc<^  towards  the  centre  of 
it,  must  be  variously  inclined  to  one  another,  in  a  manner  easily 
represented  by  drawing  lines  from  the  circumference  of  a  circle 
so  as  to  point  to  its  centre,  or  still  better  by  sticking  pins  into  a 
ball  in  the  same  direction.  The  inhabitants  of  conntrieB  di»» 
metrically  opposite,  are  called  the  aniipodeM  of  each  other.  To 
tbe  mind  just  entering  the  confines  or  philosophy,  it  seems  a 
strange  and  inconceivable  thing,  that  people  can  stand  on  evei^ 
«de  of  a  globe,  and  that  there  can  be  those  who  have  their 
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feet  opposite  to  ours;  but  when  they  have  considered  a  little  the 
nature  of  the  attraction  of  gravitation,  for  the  general  doctrine 
of  which  we  must  refer  to  the  pages  we  have  devoted  to  the 
subject,  they  will  soon  perceive  that  the  greatest  absurdity 
would  be  to  suppose  the  contrary.  They  will  perceive  also, 
that  the  terms  up  and  down,  with  respect  to  the  universe,  have 
no  absolute  or  constant  meaning;  for  the  region  which  we  call 
uppermost,  is  opposite  the  feet  of  our  antipodes;  and  the  region 
opposite  our  feet,  is  consequently  above  their  heads.  But  with 
respect  to  the  earth,  the  words  up  or  down,  above  or  below, 
mean  the  situations  nearer  to,  or  farther  from  its  centre,  to  which 
all  bodies  on  its  surface  are  unceasingly  drawn,  in  a  right  line^ 
by  the  influence  of  gravitation. 

When  the  globular  form  of  the  eaKh  becltme  clearly  under- 
stood, a  tolerame  idea  of  its  size  could  not  be  long  a  secret.  We 
have  the  record  of  the  attempt  to  measure  it  being  made  550 
years  before  the  Christian  era;  but  the  first  time  that  great 
accuracy  was  shown,  was  in  1633,  by  Richard  Norwood,  who 
raeasnred  the  distance  between  London  and  York  with  a  chain ; 
then  having  ascertained  the  sun's  meridian  altitude,  for  the  same 
moment,  at  each  extremity  of  this  known  base,  be  deduced  that 
a  degree,  or  the  960th  part  of  the  earth^s  circumference; 
amounted  to  69  miles,  one  half,  and  14  poles,  from  which  he 
found  that  the  circuit  of  the  earth  was  about  25,036  miles. 
When  the  shee  of  the  earth  was  supposed  to  be  known,  the  next 
object  of  astronomical  investigation  might  very  properly  be  to 
discover  the  size  and  distance  of  the  sUn,  moon,  and  stars.  To 
ofier  conjectures  respecting  these  bodies,  before  something  like 
adequate  ideas  of  their  distances  were  obtained,  would  be  folly ; 
and  to  do  it  before  the  figure  and  size  of  the  earth  were  demon* 
strated,  could  not  lead  to  any  satisfactory  conclusions. 

When  the  efiects  of  the  sun,  in  giving  licht  and  heat,  were 
compared  with  the  eflects  of  any  artinciaf  fire,  it  would  be 
admitted  by  the  most  ignorant,  that  the  size  of  that  luminary 
must  be  very  great;  but  the  ideas  of  the  earliest  ages,  on  inch 
a  subject,  could  never  be  commensurate  to  the  truth.  We 
must,  however,  leave  the  speculations  of  the  ancients,  with 
observing,  that  every  method  which  ingenuity  could  devise, 
has  been  tried  to  resolve  the  interesting  questions  of  the  sun 
and  moon^s  distances  in  particular,  but  the  only  one  which  can 
satisfy  the  mind,  is  that  which  depends  upon  mathematical 
principles,  and  which  is  similar  to  that  employed  in  the  roca- 
suiement  of  distant  terrestrial  objects.  From  the  two  extremities 
of  a  base,  whose  length  is  known,  the  angles  which  the  visual 
rays  from  the  object,  whose  distance  is  to  be  measured,  mako 
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with  the  base,  are  mcasiired  by  mens  of  a  qnadrBst;  tbdr 
fiuD,  snbtfacted  from  180'',  givct  the  angle  which  these  am 
form  ai  the  object  wheie  ihej  iBtesKcL  Tikis  angle  iscalled  the 
parallax,  and  when  it  is  once  known,  matheosaticians  find  it 
easy,  bjr  means  of  triffoooraetry,  to  asoeitain  the  dJitancr  of  the 
object.  Let  AB,  in  fig.  2,  pL  II,  be  the  given  base,  and  C 
the  object  whcie  distance  we  wi&h  to  ascertain.  The  ai^lei 
CAB  and  CBA,«  formed  by  the  mysCA  and  CB  with  the  faase^ 
may  be  ascertained  by  obscnralion;  and  their  svm,  sabtiacted 
from  180°,  leayes  the  angle  ACB,  which  is  the  pnnllax  of  the 
object  C.  It  gives  us  the  apparent  siw  of  the  baae  AB^  as  seen 
from  C.  When  this  method  is  applied  to  the  heavenly  bodies, 
it  is  necessary  to  have  the  largest  possible  base,  and  in  the  nsoai 
astronomical  sense,  the  pamllax  of  n  star  is  the  diffioence 
between  its  true  and  apparent  distance  from  the  lenilh.  In 
explanation  of  thb  subject  we  may  observe,  thai  when  a  star 
is  m  the  lenith,  it  b  seen  by  the  spectator  on  the  earth's  sur- 
f«Ace,  wboe  it  would  appear  if  it  cidld  be  seen  from  the  earth's 
centre;  it  is  therefore  seen  in  what  is  called  its  true  place;  but 
when  the  star  is  not  in  the  lenith,  a  spectator  does  not  see  it  in 
the  same  place  that  he  would,  could  he  view  it  fiom  the  centre  of 
the  earth ;  but,  in  all  cases,  the  difference  between  the  tme  and 
apparent  place  of  an  object  is  lem  in  pnmortion  as  its  distance  is 
greater.  Of  the  popular  illustmtions  of  the  method  of  taking 
a  parallax,  the  umowinff  by  Walker  is  perhaps  one  of  the 
plainest:  Suppose  the  distaoce  of  the  moon  were  onr  first 
object,  and  that  we  had  a  sea  horixoo,  and  were  situated  so  thai 
the  moon  passed  over  onr  senith ;  then  let  A,  fig»  Sy  pL  II9  be 
the  earth,  and  a  the  place  of  the  observer,  who  imm  be  sup* 
posed  to  have  a  quadrant,  Ac,  by  which  he  can  note  the 
moment  the  moon  comes  to  the  zenith.  Now  as  the  nmen 
apparently  passes  from  a  meridian  to  that  meridian  agun  in 
twenty-four  hours  and  forty-eight  minutes,  she  will  perfonn  a 
quarter  of  that  circuit,  via.  from  d  to  e,  in  a  quarter  of  that 
tune,  or  in  six  houis  and  twelve  minutes.  But  the  observci 
will  find  that  she  will  set  befi>re  the  six  honn  and  twelve  minutes 
are  expired,  which  he  must  note ;  fi>r  when  she  comes  to  his 
sensible  horizon  n  c  g,  she  sets  to  him.  Now  as  the  sensible 
horizon  is  parallel  to  the  rational  boriaon  it  e,  a  diagonal  ne, 
will  make  the  angle  c  x  equal  to  n,  its  opposite  angle.  To  find 
what  the  angle  ez  is,  say,  by  the  rule  of  three^  if  six  hoars 
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and  twelye  minutes  be  required  for  a  quarter  of  the  moon's 
circuit,  or  90^,  viz.  from  d  to  e/  bow  many  degrees  of  the  ninety 
would' she  pass  through  in  the  time  of  her  goin^  from  the  zenith 
to  the  sensible  horizon,  or  from  dio  gj  which  being  taken  from 
90^,  or  the  quadrant  de^  will  leave  the  quantity  of  the  arch  g  e, 
or  the  angle  c  z.  Now  as  the  angle  n  is  equal  to  c  Zj  we  are  in 
possession  of  a  right-angled  triangle  ake^  with  a  side  and  an 
angle  known ;  for  a  k^  the  semi-diameter  of  our  globe,  is  nearly 
9900  miles :  it  is  the  property  of  a  right-angled  triangte  to 
have  its  sides  proportional  to  the  sides  of  its  opposite  angles ; 
therefore,  as  the  angle  fi  is  to  its  opposite  side  a  kj  so  is  the 
angle  o  to  its  opposite  side  k  e,  or  the  mean  distance  of  the 
earth's  centre  from  that  of  the  moon,  viz.  240,000  miles.  The 
paraflax  or  angle  n^  is  on  a  medium  about  57". 

The  sun  is  so  distant,  that  his  paralhuc  or  angle  g  a  S  is  too 
small  to  be  measured  with  any  certainty  b^  a  horizontal  paral- 
lax. The  radius  of  the  earth  is  indeed  found  to  be  an  almost 
insignificant  space  compared  with  the  sun's  distance.  Dr. 
Hailey  thereforo  recommended  the  transits  of  Yenus,  which 
were  to  happen  in  the  years  1761  and  1769,  as  aflbrding  the 
best  means  of  ascertaining  the  distance  of  the  sun.  The  transit 
of  a  planet  takes  |)lace  When  it  comes  exactly  between  the  earth 
and  tlie  sun,  and  it  passte  over  the  disc  of  the  latter  in  the  form 
of  a  small  round,  dark  spot.  Only  two  transits  of  Venus 
occurred  during  the  last  century,  and  there  will  not  be  another 
till  1874.  By  these  transits,  which  were  very  carefully  observed; 
almost  the  whole  diameter  of  the  earth  formed  a  paramx,  instead 
of  the  above  semi-diameter,  by  which  a  commensurate  angle 
was  thas  procured :  Venus  moves  in  her  orbit  in  the  direc« 
Hon  %  ftf  tig.  4,  pi.  II,  and  from  the  centre  of  the  earth  e. 
Would  he  seen  to  move  over  the  sun's  disc  from  iiov;  an 
Miserver,  therefore,  at  «i,  would  see  the  contact  at  f ,  at  the 
same  instant  that  one  at  b  would  see  the  planet  at  u;  and  one  at 
d  would  see  it  at  its  egress  at  t,  along  the  line  rf  V  v.  This  would 
be  the  case  were  the  earth  at  rest ;  but  it  is  turning  on  its  axt^ 
Ih  the  direction  abd.  Now  if  the  planet  stood  still  at  V,  while 
the  earth  tamed  from  a  to  if,  that  time  would  be  easily  turned 
into  the  parallactic  angle  a  V  rf,  and  might  be  treated  like  that 
of  the  moon ;  but  the  motion  of  Venus^  as  well  as  that  of  the 
earth,  was  to  be  taken  into  this  calculation,  as  well  as  observa* 
tions  made  in  diffihrent  latitudes ;  yet  after  taking  every  possible 
precaution,  and  making  every  requisite  allowance,  the  sun's 
parallax  was  found  to  to  about  8" ;  the  angle,  though  so  very 
small,  admits  of  calculation,  and  the  sun's  distance  was  from 
it  dednecd  to  be  about  ninety-six  miDions  of  miles. 
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Tbe  dbtanoes  cf  Um  svb  aiid  ommni  faetng  thus  determined, 
Ibe  lacilitj  of  asoertaining  tbeir  me  is  conparaltydy  |»rat ; 
became  it  may  be  apfmurimated  bj  very  easy  cakmlatioiis, 
accofdtng  to  tbe  principles  of  optics.  The  angle  soUeaded  at 
the  eye  by  an  objipct  is  easily  menraiad,  and  is  laTendy  as  tbe 
distance  of  that  object.  Now  tbe  distance  gives  Ibe  radios  of 
a  circle,  the  centre  ot  which  is  at  tbe  popil  of  the  spectator's 
eye,  and  on  tbe  circumference  of  which  is  tbe  object,  which 
we  will  suppose  to  be  tbe  san.  Having  tbe  radius,  the  circuin* 
ference  of  this  immense  circle  is  obtained  by  the  common 
arithmetical  method ;  and  when  we  have  the  circomierencey 
the  yalue  or  extent  of  its  degrees  and  roinoles  may  also  be 
Ibund.  Therefore,  if  the  number  of  minutes  subtended  by  tbo 
sun,  be  multiplied  by  the  valne  of  a  minute,  we  have  the 
diameter  of  that  luminary.  In  ascertaining  tbe  distances  aa 
well  as  the  magnitudes  of  the  sun  and  moon,  a  variety  of 
mathematical  and  mechanical  means  aie  resorted  to,  in  order  to 
secure  the  most  accurate  results;  but  it  would  be  useless  on  tbe 

{iresent  occasion,  to  enter  upon  the  consideration  of  the  detaib. 
t  is  enough  to  give  with  their  results,  a  general  idea  of  the 
processes  employed,  and  to  observe,  that  by  tbe  latest  and  moat 
careful  calculations,  the  moon  h^s  been  finind  to  be  2180  miles 
in  diameter;  and  the  diameter  of  tbe  sun  88S,S46  miles.  The 
evidence  in  favour  of  these  dimensions  being  very  nearly 
correct,  is  so  conclusive,  as  to  enforce  conviction  in  ef^ry  mind 
open  to  tbe  investigation  of  truth. 

When  the  sptericity  of  the  earth,  its  insulated  existence, 
and  its  magnitude,  have  become  familiar  to  the  young  student ; 
9nd,  keeping  in  mind  the  general  doctrine  of  attraction  above 
refened  to,  when  he  has  further  compared  these  throe  cifcoa- 
stances  with  the  correspondent  circumstances  of  tbe  «un  and 
moon,  he  will  then  perhaps  b^n  to  inquire,  whether  the  real 
motions  of  tbe  sun  and  moon  are  such  as  they  appear  to  be, 
and  whether  the  earth  revolves  round  them,  or  they  round  the 
earth.  With  respect  to  the  moon,  a  very  momentary  attention 
will  give  satisfaction.  This  satellite  always  presents  to  us  the 
same  face  or  side;  therefore  she  revolves  round  the  earth,  other- 
wise this  woyld  be  impossible.  But  with  respect  to  the  sun,  in 
thus  consulting  his  judgment,  he  will  have  much  renson  for 
doubt,  and  to  believe  that  the  evidence  of  sense  is  follacions* 
The  sun  k  a  million  of  times  larger  than  the  earth,  and  if  ho 
revolves  round  the  earth  in  twenty-four  hours,  be  must  eack 
hour  advance  over  a  space  of  more  than  24»000,000  of  milea. 
That  a  body  of  such  prodigious  sise  should  revolve  al-such  n 
rate  round  another  body,  which  (like  tbe  earth  to  the  snn)  b  n 
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mere  peatit  ivbcn. compared  with  it,  is  as  absard. aa  to  suppote 
that  a  pepper-corn  should  command  the  motion  of  a  railUstone^ 
or  a  gram  of  sand  that  of  a  mountain.  It  iirould  be.  totally 
irreconcilable. with  all  that  we  know  of  the  simplicity  of  the 
laws  of  nature,  which  always  accomplish  the  grandest  objects 
by  the  simplest  means ;  and  when  we  advancra  to  the  const* 
deration  of  other  celestial  phenomena,  we  should  find  our  diffi« 
eulties  increase  with  our  pn^ress,  till  at  last  inextricable 
confusion  beset  us.  It  is  absolutely  necessary  to  relinquish  the 
idea  that  the  earth  is  immoveable,  and  philosophers,  after  the 
roost  minute  investigation  of  the  phenomena,  have  completely 
shown,  that  the  earth  has  at  least  two  motions,  one  on  its  own 
axis,  called  its  diurnal  motion,  which  causes  it  to  revolve  from 
east  to  west  in  twenty-four  hours,  and  the  other  a  progressive 
motion,  called  its  annual  motion,  which  carries  it  round  the  sun 
once  in  a  year.  The  diurnal  motion  produces  the  regular 
return  of  day  and  night,  and  the  apparent  revolution  of  the 
sphere;  the  annual  motion  produces  the  vicissitudes  of  the 
seasons,  summer,  winter,  spring  and  autumn. 

It  is  no  reason  against  tne  rotation  of  the  earth,  that  we  are 
unable  to  perceive  it.  For  as  the  motion  of  a  ship  at  sea,  when 
swiftly  sailing  over  the  smooth  surface  of  the  water,  is  not 
perceptible  to  the  company  on  board;  certainly  we  may 
expect  that  so  large  a  body  as  the  earth,  which  has  no  impedi* 
ment  in  its  way,  or  resbtance  to  overcome,  will  in  this  respect 
deceive  us  effectually.  It  has  been  asserted  again,  that  if  the 
earth  moved,  a  stone  dropped  from  the  top  of  a  tower,  or  any 
other  high  building,  would  not  fall  just  at  the  bottom  of  it,  as 
the  building  must  have  advanced  considerably  forward,  during 
the  time  of  the  fall.  But  this  is  evidently  a  mistake;  for  it  is 
well  known,  by  repeated  experiments,  that  if  a  body  be  pro- 
jected from  another  body  in  motion,  it  will  always  partake 
of  the  motion  of  that  other  body.  Thus,  a  stone  dropped 
from  the  lop  of  a  mast,  while  the  ship  is  under  sail,  is  not  left 
by  the  vessel,  but  falls  exactly  at  the  foot  of  the  mast.  And  if 
a  bottle  of  water  be  hung  up  in  the  cabin,  with  its  neck  down- 
wards,  it  will  empty  itself,  drop  by  drop,  into  another  vessel 
placed  exactly  underneath  it,  though  the  ship  shall  have  run 
many  feet  whilst  each  drop  was  in  the  air. 

The  motion  of  theeartn,  in  the  manner  stated  by  astrono* 
mers,  being  admitted,  as  also  the  magnitudes  and  distances  of 
the  sun  and  moon,  the  remaining  wonders  of  astronomy,  though 
they  may  overwhelm  with  the  idea  of  immensity,  will  scarcely 
excite  dUsbelief.  It  is  fonind,  on  data  as  indisputable  as  those 
which  establish  the  facts  hitherto  mentioned)  that  the  pUmcts  or 
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wftoderiiig  fteri,  and  the  comets,  all  reifolTO  round  tbe  sm  m 
different  orbits,  and  that  these  bodies  ate  in  reality  idl  of  them 
worlds.  We  shall  therrfore  make  a  few  remarks  on  that  power 
which  preserves  them  in  the  order  we  observe,  and  aftowaids 
proceed  to  the  separate  consideration  of  them  as  parts  of  the 
solar  system. 

When  Sir  Isaac  Newton  undertook  the  reformation  of  phi« 
losopby,  he  procoded  upon  a  veiy  diferent  phui  to  those  who 
had  gone  before  him;  he  proposed  to  assume  nothing  aS<*an 
hypNouesis  which  was  not  dedaced  from  data  acknowledged  and 
obvious  to  our  eyes,  and  thus,  by  arguing  from  those  things 
which  are  within  our  reach,  he  thought  we  mi^t  come  to  know 
with  certainty,  what  must  happen  in  the  cekstud  regions.  The 
manner  in  which  he  was  first  led  to  form  his  system  of  grevita* 
tion,  which  has  since  been  so  universally  recdved,  is  said  to 
have  been  as  folbws:  He  was  sitting  alone  in  a  garden,  when 
some  ajqdes  falling  from  a  tree,  directed  his  thoughts  to  th^ 
subject  of  gmvity,  or  the  cause  of  their  fail ;  and  reflectmg  on 
the  power  of  that  principle,  he  benm  to  consider,  that,  as  thb 
power  is  not  found  to  be  sensibly  diminished  at  the  most  remote 
distance  from  (he  centre  of  the  earth  to  which  we  can  rise^ 
neither  at  the  tops  of  the  loftiest  buildings,  nor  on  tbe  summits  of 
the  highest  mountains,  it  appealed  to  him  leasonabte  to  conclude 
that  this  power  must  extend  much  fiirther  than  was  usmdly 
thought.  Then  a  train  of  thought  arose  in  his  mim),  <^  MirM 
it  not  extend  as  far  as  the  moon?  and  if  so,  most  not  her 
motion  be  influenced  by  it?  perhaps  it  retains  her  in  her  oibitr 
however,  thonq^h  the  power  of  gravity  is  not  sensibly  weakened 
in  the  little  change  of  distance  at  which  we  can  place  ouisdfes 
from  the  centre  of  the  earth,  yet  it  is  very  possible,  that,  as 
hwh  as  the  moon,  this  power  may  diffisr  much  in  strength  from 
what  it  is  here."  To  make  an  estimate  of  the  degree  of  this 
diminution,  he  considered,  that  if  the  oioon  be  retained  in  her 
ortiit  by  the  force  of  gravity,  no  doubt  tbe  primtry  phnets 
Were  retained  in  their  orbits  by  a  similar  rravifatlon  towards  the 
sun ;  and  by  comparing  the  periods  of  toe  several  planets  with 
their  distances  firom  tbe  sun,  he  found,'  that  if  any  power  like 
gravity  held  them  in  their  oounes,  its  strength  must  detatcsse  in 
the  duplicate  proportion  of  the  increase  of  distance.  This 
was  concluded  tram  a  supposition  that  these  bodies  moved  in 
perfect  circles  round  the  sun;  which,  though  thqr  are  not 
found  to  do  exactly,  yet  the  error  was  but  o^  little  comequence. 

To  account  then  for  the  perpetual  motions  of  tbe  phmets  and 
eomcts  in  their  orbits,  Newton  had  recourse  to  tne  force  of 
ga^jy  and  a  projectile  foror  oompcmnded  wXh  it.    These  two 


A^TRONOHV,  6^7 


ExplanatioD  of  planetary  motion. 


forces  bad  indeed  been  proposed  by  Honrox,  before  his  timej 
with  the  same  view,  and  the  power  of  gravity,  as  existing  in 
the  celestial .  regions,  had  been  intimated  by  several  philoso* 
pbers;  but  their  ideas  appeared  as  little  better  than  vagU9 
soeculations,  and  ivere  almost  unnoticed  by  the  world*  As 
JNewton  was  ignorant  of  any  natural  power  by  which  the  pla« 
nets  could  be  impelled  in  the  direction  of  a  tansent  line  to  any 
part  of  their  orbits,  he  had  recourse,  for  one  of  the  forces,  to 
(he  immediate  action  of  the  Deity.  According  to  him,  God 
bavii^^  created  this  world,  and  impressed  the  universal  law  of 
attraction  or  gravitation  upon  matter,  impelled  each  of  the 

glaneU  in  the  direction  of  a  right  line  touching  their  orbits, 
■eiiig  immediately  acted  upon  by  the  attraction  of  the  sun, 
tlieir  courses  were  bent  from  a  straight  line  into  a  curve ;  and 
the  same  causes  still  continuing  to  act,  the  original  rectilineac 
direction  was  changed  into  one  nearly  circular,  which  has  con^ 
tinued  ever  since.  The  same  mode  of  reasoning  is  applicable 
to  the  continued  motion  of  the  secondary  planets  round  their 
primaries.  The  manner  in  which  Sir  Isaac  Newton  demon* 
strates  the  operation  of  the  projectile  and  gravitating  forces 
■pon  the  planets,  so  as  to  Jir^  them  in  circles  round  the  sun, 
is  by  supposing  the  orbits  they  describe  divided  into  infinitely 
small  parts,  each  of  which  if  ill  not  differ  from  a  right  line,  and 
consequently  the  whole  curve  may  be  considered  as  consisting 
of  the  diagonals  of  paraUelMrams  infinitely  small,  one  dl 
whose  sides  is  represented  by  the  space  ^hich  the  planet  would 
kave  moved  through  by  the  projectile  force  alone,  and  the 
other  bj^  that  which  it  would  have  moved  through  by  the  forop 
of  gravity  alone  in  the  same  time.  To  those  who  would  enter 
dceplv  into  the  subject,  Newton*s  Principia  will  afford  ample 
gratiocation,  but  it  will  better  suit  our  purpose  of  popuhiT 
Ulustration  to  adofrl  the  following  explanation  of  Ferj^nson : 

^*  From  the  iiniform  projectite  motion  of  bodies  in  straight 
lines^  and  the  nniveiaal  power  of  attraction  which  draws  them 
off  (rom  these  lines,  the  curvilioeal  motions  of  all  the  planets 
arise.  If  the  body  A  be  projected  along  the  right  line  ABX, 
in  open  space,  where  it  meets  with  no  resistance,  and  is  not 
drawn  aside  by  any  other  power,  it  will  for  ever  go  on  with  the 
sume  velocity  and  in  the  same  durectioa.  For  the  force  which 
moves  it  from  A  to  B  in  any  given  time,  will  carry  it  from  B  to 
X  in  as  much  more  time,  ami  so  on ;  there  being  nothing  to 
obstruct  or  alter  its  motion.  But  if,  when  this  projectile  force 
has  carried  it,  suppoM  (o  B,  the  body  S  begins  to  attract  it, 
with  a  power  duly  adjusted,  and  perpendicular  to  its  motion  at 
B,  it  will  then  be  drawn  from  the  straight  line  ABX,and  forced 


S  M  tke  ciicfe  BTTU 

vMiBtkeiplMe  of  Us  attraction  he 
Imt  Zj  with  a  farce  perpcfldicshr  to  Ik 
willgomiBd  IT  m  the  orbit  W, 

■d  the  bod  J  S.    Hoc^ 
Uthecauth,  ma 
'l/apiuKf  alE 
mmtofalihomB  to^j  m  the 
woold  haTCcarriEd  it  trofa  BtoX^  it  vill 
BY,  bj  the  combioed  actioa  of  IheK  t 
line  Oai  the  prviedile 
B  to  X,  or  the  gfavilatiB^ 
frofaBtojf/aad 
aad  ufi|wi*M'^**'  to  ^— i-  «Msay  ^ 

them  both,  vilfaMmisthe  dide  BTTU.  To  aake  the>r». 
jectik  faree  hahnwy  the  giantatiae  power  wo  csaclly,  as  that 
the  bod  J  any  anffe  im  a  cirde,  tie  pioJBCtile  Ycknlf  of  the 
body  noit  besach  as  it  woold  have  auqeued  by  gnvity  akae 
IB  &lliBs  thfoogh  half  the  radios  of  the  ciPEle. 

^  Bnt  if,  whilst  the  pro|ectile  iiree  wodU  cany  theplaacft 
AoraBtofr,  thesaa*s  attractioa (which uniiitln  thephaet*s 
giavitatira)  shoold  bri^  it  down  from  B  to  1,  the  giantatiaf 
power  would  then  be  too  stnng  for  the  protectiie  faroe,  aad 
wooU  caase  the  pfaiKt  to  describe  the  carve  BC.    Whca  the 
pfanet  cones  to  C,  the  gfavitatiap  power  (which  always  i»» 
ercaiei  as  the  iqaare  of  the  distanx  fron  the  sno,  S,  diaiiuslics) 
win  be  yet  strouigef  far  the  pojectife  farce,  aad  by  finipiriag 
in  some  degree  therewith,  will  aooelerale  the  plaaet*s  motioa  ai 
the  wayfrom  C  to  K ;  cansiiig  it  to  deMmbe  the  arcs  BC,  CD, 
DE,  £F,  ftc.  all  in  eqoal  timek    Havingils  oMitioa  thas aooe* 
lerated,  it  thereby  eains  so  mnch  centrifagal  feroe,  or  leaden^ 
to  fly  off  at  K,  in  &  line  K  it,  as  overcomei  the  san*s  attiac- 
tioo ;  and  the  oentiifogal  feroe  bring  too  gtent  to  albw  the 
planet  to  be  broi^t  nearer  the  son,  or  even  to  atove  nxmd  him 
m  the  circle  K  /ai  n,  it  goes  off,  and  ascends  in  the  curve  KL 
MN,  See.  tis  notion  decreming  eradnally  from  K  to  B,  as  ii 
incrinsed  from  B  to  K,  becanse  ue  son's  attraction  now  aete 
against  the  planet's  projectile  mdtioo  jnst  m  much  m  it  acted  with 
it  before.     When  the  planet  hm  got  vonnd  to  B,  its  pioyeetSe 
force  is  as  much  dimimshcd  from  its  mean  state  abont  P  or  M , 
as  it  was  augmented  at  K;  and  so  the  son's  aJtractinn  beiiif^ 
moie  than  soflicient  to  keep  the  planet  from  going  off  at  B,  it 
describes  the  same  orbit  over  again,  by  virtne  of  the  tame 
forces  or  powera. 
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^^  A  double  projectile  force  will  always  balance  a  qaadrople 
power  of  gravity.  Let  the  planet  at'  B  have  twice  as  great  ao 
impulse  fiom  thence  towards  X«  as  it  had  before;  that  is,  ia 
the  same  lenjs^h  of  time  that  it  was  projected  from  Btoby  as  in 
the  last  example,  let  it  now  be  projected  from  B  to  c;  and  it 
will  require  four  tipies  as  much  ffravity  to  retain  it  in  its  orbH: 
that  is,  it  must  fell  as  far  as  from  B  to  4,  in  the  time  that  the  pro* 
jectile  force  would  carry  it  from  B  to  c;  otherwise  it  would  not 
describe  the  curve  BD,  as  is  evident  by  the  figure.  Blit  in  as 
much  time  as  the  planet  moves  from  B>  to  C,  in  the  higher  part 
of  its  orbit,  it  moves  from  I  to  K,  or  from  K  to  L  in  the 
lower  part  thereof;  because,  from  the  joint  action  of  these  two 
forces,  it  must  always  describe  equal  areatf  in  equal  times 
throughout  its  annual  course.  These  areas  are  represented  by 
the  triangles  BSC,  CSD,  DSE,  ESF,  &c.  whose  contents  are 
equal  to  one  another  quite  round  the^fieure. 

*^  As  the  planets  approach  nearer  Qie  sun,  and  recede  far- 
ther from  hioi,  in  every  revolution;  there  may  be  some 
difficulty,  in  conceiving  the  reason  why  the  power  of  gravity, 
when  it  once  gets  the  better  of  the  projectile  force,  does  nol 
bring  the  planets  nearer  and  nearer  the  sun  in  everv  revolution, 
till  they  fall  upon  and  unite  with  him;  or  why  tne  projectile 
force,  when  it  once  gets  the  better  of  gravity,  does  not  cariy 
the  planets  farther  and  fiurtber  from  the  sun,  till  it  removes  them 
quite  out  of  the  spliere  of  his  attraction,  and  causes  them  to  go 
on  in  stmight  lines  for  over  afterward.  But  by  considering  the 
eflects  of  these  ))oivers,  as  already  described,  this  difficulty  will 
be  removed.  Suppose  a*  planet  at  B  to  be  carried  by  the  pro« 
jectile  force  as  far  as  from  B  to  6,  io  the  time  that  gravity  would 
bove  brought  it  down  from  B  to  1 :  by  these  two  forces  it  will 
describe  the  curve  BC.  W  hen  the  planet  comes  down  to  K,  it 
willbebntlialf  as  far  from  tbesun,  S,  as  it  was  at  B;  and  there- 
fore, by  gravitating  four  times  as  strongly  towards  him,  it 
would  fall  from  K  to  V  in  the  same  length  of  time  that  it  would 
have  fallen  ftpm  B  to  1  in  the  higher  part  of  its  orbit,  that  is, 
through  four  times  as  nracb  space;  but  its  prcneetile  force  ti 
then  so  much  increased  at  K,  as  would  carry  it  from  K  to  A:  ia 
ibe  same  time,  being  double  of  what  it  yma  at  B ;  and  is  there- 
fore too  Strang  for  the  gravitating  power,  either  to  draw,  the 
planet  to  the  sun,  or  cause  it  to  go  round  in  the  circle  K/Mir^ 
which  would  require  its  falling  from  K  to  o,  through  a  greater 
•pace  than  gravity  can  draw  it,  while  the  projectile  tone  is  iuchf 
ss  would  4sarrv  it  from  K  to  i!r :  aad  therelbfe  the  plaMit  asoenda 
in  its  oriNt.KLMN,  deoreaaing  in  its  velocity,  ror  ti»  ctnsif 
alieafly  alsigned.  .   •       • 

83.  Vol.  I.  3  Y 
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?<  Bf  ffe  rtiiifiiiiwil  bv, 
Uoib  of  dipot  vhclkcv  b^  or  iboit,  if  the 
iwvc  is  be  fwl  «f  iwhtiacr.  Oalj, 
the  longer  dipen,  here  ee  Mch  Che 
prencd  ape*  thm  b  the  h%her  pvU  of  Char 
lfiecHw,bawMegJow»CowawliCheeea,eieiepied^giocMly 
iaonied  bjr  hai  eilnictioo»  thai  Chcir  oeaCrwigal  ibnae%  ia  the 
lower  peiti  of  their  otbils,  aiewginC  as  to  oniaeiei  Che  «»*> 
eltiartw  Choe,  and  caiae  Cheai  Co  aHaoid  9gmm  CavaedathD 
higher  parts  of  their  orbiCs;  dmrimg  which  CiaM^  the  sm*e 
alCiacCioa  f<»f>g  so  ontt^Mj  U^  the  w**1tM  ef  Clawe  bedtes^ 
cewfi  Chca  to  laofe  slower  aiid  slowcr«  mlil  the  pwpciib  ibroee 
$ie  diminishrd  ^hnifif  Co  aothiug;  aad  Chen  ChCT  are  bsoasht 

The  cdebvaCed  Kepler  discotewd  bj  assidm  JtrtaCioa, 
the  iwo  lemarkaUe  laws  of -DfauKiafT  aotioB ;  and  ia  hoMMr 
of  hin  th^  aie  called  Kepler^s  laws.  Sir  Isaac  NewCoa 
doBoasCiaCecl  Chens  acooidiiur  Co  Che  above  Choorr  of  attvaoHoiif 
9od  thejr  show,  iw  a  nenarkaUe  saananr,  the  hamooj  of  the 
cdesCjal  BBOtioBs : 

!•  If  a  stiaigfat  lioe  be  dmro  finowi  a  piaaet  to  the  svit  and 
this  line  be  supposed  to  be  carried  aloag  i^  the  periodical 
aMtion  of  the  plaoet,  theq  Che  areas  which  ate  described  i^Chb 
light  lioe  and  thepi^  of  the  pboet,  aie  prapottaooal  Co  the 
Ctmes  of  the  phwet's  motioa ;  ibr  iaitancr,  the  ana  thos  do* 
scribed  io  two  hoQiB,  is  Che  doobleofchat  which  is  described  » 
one  boor,  and  a  third  part  of  that  which  is  doMrilied  in  six 
hoars;  tboogb  the  arc  which  is  described  by  the  piaaet  itself  iw 
two  boon,  ie  not  the  doobk  of  the  ere  which  is  described  b^ 
the  same  in  one  boor;  m^  the  third  part  of  that  whioh  is 

deecribed  in  six  boore. 

II.  ThepbuieUaieatdifiinwtdisCanGe8(iomthesnn,aad 
perforai  their  periodical  levolatioos  in  diflbent  tiaaee ;  bOL  the 
cubes  of  their  distaooeit  or  of  the  principal  ans  of  their  dBip* 
tical  oibits,  are  constentlj  as  the  sqoaies  of  their  penodienl 
times.  Tie.  of  Che  timei  of  their  pofenniiv  ^^^^  piriodicnl 
levolntion^ 

The  ran  fonns  the  centra  of  attraction,  icund  whibh  ol 
the  planets  qom;  bptallChe  pbuMis  andenraelaj  nooorfif 

the  <|iientitiee  of  Qiattev  they  oonCnin,  and  their  die 

their  power  of  attraction  «pon  the  inn.    Theenn, 

•ot  «t  rest;  but  ae  his  mtgnitnde  m  garatty  otceede 

piapets  and  cocnete  pnt  tcgrllm,  m  i»  Oeio  oseri 

ifc  p^iiev  ra  oppoMb  diracti^ 

tbc  centra  of  gm^dT  the  whofe^ystnTv^      Ihn  pnlnl 
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Efllecti  of  the  mutiiftl  attnirtionfl  of  tho  heavenly  bodits. — Sofair  syttcm. 

found  wbieli  tbe  sun  performs  a  circuit,  in  alwnjrs  near  him« 
and  generally  within  nts  body,  From  the  grtod  principle  or 
universal  attraction,  also,  it  follows  that  the  planets  mast  attract 
each  other;  and  in  fact  it  has  not  escaped  the  observation  of 
philosopher?,  that  they  sensibly  distnro  each  other*s  motions. 
When  any  two  planets  are  in  conjunction,  thetr  mutual  attrao* 
tions,  which  tend  to  bring  them  nearer  to  one  another,  draws 
die  inferior  one  a  litUe  farther  from  the  sun,  and  the  superior 
one  a  little  nearer  io  him ;  by  which  means  the  figure  of  tlieir 
oit>its  is  somewhat  altered,  though  the  aUeratton  is  too  small  to 
be  discovered  in  several  ages. 

The  orbits  of  such  planets  as  have  one  or  more  moons,  are 
still  more  remarkably  disfigured  by  the  attraction  of  these 
attendants;  for  example,  the  point  which  describes  tbe  orbit  of 
the  earth  round  the  sun,  is  not  the  centre  of  the  earth,  but  the 
oommon  centre  of  gravity  of  the  earth  and  moon,  and  which  is 
found  by  calculation,  on  comparing  their  quantities  of  matter^ 
to  be  about  8000  miles  from  the  earth's  surface.  But  these 
irrqfularkies  while  they  show  the  truth  of  the  theory  that 
•ecounts  Ibr  them  all,  are  too  inconsequential  to  require  much 
sotioe  in  a  popular  view  of  the  solar  system. 

Of  the  Solar  System. 

Theplate^  marked  Bohtf  Ifysfem,  is  intended  to  give  an  idea 
0f  the  appearance  of  that  systeita,  couki  a  spectator  view  it  firom 
a  considenible  distance  above  the  sun.  in  a  line  perpendicular 
t9  the  earth's  orbit.  In  every  plan  of  thia  kind,  however,  soma 
iacrifices  of  strict  propriety  are  made  for  the  sake  of  conve* 
aieooe.  The  sun  is  only  supposed  to  be  seen  by  the  radiance  he 
thiowa  around ;  the  planeta  and  their  satdlitet,  with  their 
distances  from  tbe  oentre  of  the  sun,  are  not  eaddbifed  in  due 
proportion ;  and  the  orbits  of  all  tbe  planets  are  represented  by 
drdcs,  from  which  tbe  reader  will  reeoHect  they  dtfier  so  little, 
that  though  in  reality  ellrpses,  they  eouM  scarcely  on  so  small 
m  scale  be  distinguiabed  from  circka.  Of  the  comets,  Imt  four 
are  noticed,  each  moving  in  on  orbit  of  diftient  eccentricity, 
but  tbe  actual  number  of  these  bodies  is  known  to  be  very 
considerable,  though  by  no  means  determined. 

To  a  spectator,  situated  where  we  have  supposed,  above  the 
son,  the  planetary  motions  would  appear  extremely  regular; 
but  it  is  easy  to  conceive,  that  to' one  situated  sideways,  or 
viewing  them,  for  example,  as  firom  the  earth,  tliey  will  exhi-* 
bit  great  anomalies.  Accofdingl^,  the  planets  sometimes 
appear  to  be  going  forwards,  sometinica  bacawards,  and  some- 
"        •Pfwur  to  be  stationary.    These  irregularities  are  such  a9 
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must  take  pla^».  if  the  Copernioaa  be  the  true  system  of  nattife« 
and  therefore  the  observation  of  them  is  a  proof  of  the  correct- 
ness  of  that  system. 

The  planetary  bodies  of  the  Sotar  System,  so  far  as  at 
present  known,  and  commencing  with  the  one  msarest  the  sun, 
vethefoIIowtQg: 

1.  Mercury, 
9.  Venus, 

3.  The  Earth,  with  one  SatelUte  or  Moon, 

4.  Mars, 

.  5.  Ceres, 
.     6.  Pallas, 

7.  Juno, 
,     8.  Vesta, 

9.  Jupiter,  with  four  Satellites, 

10.  Saturn,  with  seven  Satellites,  . 

11.  Herschel,  with  six  Satellites. 

The  fifth,  the  sixth,  the  seventh,  and  eighth,  are  the  bur 
which  Dr.  Herschel  calls  asteroids.  4^^^  tieating  of  the  sun, 
we  shall  notice  all  the  pUmetary  bodi(!is  In  their  order. 

The  Sun.  Q 

The  sun  is  an  immense  globe,  the  mean  diameter  of  which 
amounts  to  883,S46  miles.  When  viewed  tbiough  a  telescope, 
4ark  spots  of  various  sizes  and  duration,  ar?  perceived  on  its 
surface ;  and  from  observations  on  the  motions  of  these  spots, 
it  has  been  found  that  the  sun  revolves  on  its  axis,  from  east  to 
west,  once  in  25  days,  14  hours,  8  minutes,  and  his  axis 
deviates  about  8°  from  a  perpendicular  to  the  plane  of  the 
ecliptic. 

The  dark  spots  of  the  sun's  surface,  are  often  called  miicacAr, 
and  those  parts  which  are  brighter  than  the  rest, arc  called^oeaiir. 

A  variety  of,  very  difierent  and  heterogeneous  conjectures 
have  been  oflered  to  account  for  the  maculae.  As  the  constanl 
emanation  of  light  and  heat,  induced  the  opinion  that  the  sub 
was  nothing  else  than  one  prodigious  mass  of  fire,  so  it  was 
interwoven  with  the  idea  toat  so  irast  a  combustion  required 
adequate  accessions  of  matter  to  keep  it  up ;  on  this  acoount, 
it  was  supposed  that  the  maculas^micht  be  onlv  the  scoria  or 
i^nconsuroed  portions  of  the  additional  fuel,  swimming  on  the 
liquid  surfiice  of  the  sun.  FacuUe,  on  the  contrary,  &ve  beea 
called  clouds  ot  light,  and  luminous  vapours;  and  because 
macuhe  have  sometimes  been  observed  to  change  into  fiiciria, 
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it  has  been  conjectured,  that  the  latter  were  the  dark  fames  of 
volcanoes  rapidlj  blazioff  out,  after  the  dark  smoky  matter, 
which  produced  the  maculie,  became  dissipated  by  combustion. 
But  these  ideas  partook  very  much  of  the  vaffaries  of  imagina- 
tion; they  possessed  nothing  admirable  in  tnemselves,  and  no 
attempt  was  made  to  render  them,  in  a  satisfactory  manner, 
consistent  with  all  the  phenomena.  In  the  year  1788,  however, 
appeared  a  dissertation  by  EJdward  King,  F.  R.  S,  which  con* 
tained  manv  original  remarks:  this  philosopher  asserted,  that 
the  real  body  of  the  sun  is  less  than  its  apnarent  diameter;  and 
that  we  never  discover  the  real  body  of  tnc  sun  itself,  except 
when  we  behold  its  spots,  (macnfae;)  and  that  the  sun  is  inha* 
bited  as  well  as  our  earth ;  and  is  not  necessarily  subject  te 
burning  heat ;  and  that  there  is  in  reality  no  violent  elementary 
heat  existing  in  the  rays  of  the  sun  themselves  essentially. 

Several  years  after  the  publication  of  these  opinions  by 
King,  Dr.  Herschel  began  to  publish  in  the  Philosophical 
Transactions,  his  theory  concerning  the  nature  of  the  sun,  and 
Id  which  he  was  -fed  by  his  numerous  observations,  made  with 
his  admirable  instruments,  and  the  most  persevering  industry. 
This  theory  has  received  a  degree  of  acceptance  proportionate 
to  the  skill  with  which  it  was  established,  and  we  subjoin  the 
following  outline  of  it. 

The  Doctor  considers  the  sun  to  be  a  magnificent  habitable 
globe,  surronnded  by  a  double  set  of  clouds.  Those  which  are 
nearest  its  opaque  body,  arc  less  bright  and  more  closely 
connected  together  than  those  of  the  upper  stratttm,  which  form 
the  luminous  apparent  globe  we  behold.  This  luminous  exter« 
aal  maiter,  he  observes,  is  neither  a  liquid  nor  an  elastic  fluid 
of  an  atmospheric  nature;  for  in  either  of  those  two  cases,  it 
woold  not  admit  of  any  chasms  or  opening.  Therefore,  it 
must  be  concluded  that  this  shining  matter  exists  in  the  manner 
of  empyreal,  luminous,  or  phospnoric  clouds,  residing  in  the 
higher  regions  of  the  solar  atmosphere.  The  Doctor  then  it  of 
opinion  that  the  spots  are  only  accidental  openings  between  the 
luminous  clouds,  through  which  we  behold  the  opaque  body  of 
the  sun,  or  the  inferior  less  luminoos  clouds;  hence  the  spots 
appear  of  different  shades.  The  Doctor  rejects  the  terms 
macute,  fiicuIsB,  lucnli^  and  others  previously  in  use,  and  sub- 
stitutes the  following,  as  better  adapted  to  express  what  he  con- 
siders the  true  phenomena  of  the  sun. 

Openings  are  those  places  where,  by  the  accidental  removal 
of  the  luminoos  clouds  of  the  sun,  its  own  solid  body  roav  be 
seen ;  and  this  not  being  lucid,  the  openings  through  which 
we  see  it  may,  by  a  common  telescope,  Ha  mistaken  for  mere 
black  spots  or  their  nuclei. 
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ShalhwM  are  extensive  and  level  depreflsiont  of  the  laniiiooi 
■olarcloads,  generallj  wnouttding  tneopeniqgs  to  a  coowdeia* 
Mediilanoe.  Astbey  ate  lew  lamiaoos  than  the  reit  of  the 
may  thejr  aeem  to  have  sooe  dittant,  though  very  impeiftetf 
letemblance  to  penumbiv ;  which  might  oocaaioii  their  having 
beeo  called  so  formerly. 

J&^gfef  are  bright  elevations  of  Imninons  matter,  eilwideii 
in  rows  of  an  irregalar  arraoranent. 

Nodukf  are  abo  bright  elevatioiis  of  lureiooos  matter,  bat 
confined  to  a  small  space.  These  nodules  and  ridges  eociespond 
to  what  have  hitherto  been  called  fiu^ula  and  Incoit* 

Cbintf otjoff^,  he  applies  '  to  that  very  paitieidar  and 
lemarkabfe  unevcnoess,  mggedness,  or  asperity^  which  k 
peculiar  to  the  luminous  solar  clouds^  and  exfeeada  all  over  the 
snrfiice  of  the  globe  of  the  sun.  As  the  depressed  parts  of  the 
corrugatioiis  are  less  luminous  than  the  elerotsd  ones,  the  diac 
of  the  sun  has  an  appearance  which  may  be  called  mottled, 

IndaUatiofis  are  the  depressed  or  low  parts  of  the  eonnga* 
tions;  thev  abo  extend  over  the  whole  snrfiice  of  the  fauninoi* 
solar  clouds. 

Purer  are  very  smaU  holes  or  openings,  about  tiie  middle  of 
the  indentations. 

As  the  Doctor  considers  the  sobur  clouds  to  consist  rather  ef 
a  flame  than  k  liquid  substance,  he  attributes  the  spots  to  the 
emissioii  of  an  ae'riform  fluid,  not  yet  in  combustion,  which 
displaces  the  general  luminous  atmosphere,  and  which  is  aftes* 
wards  to  serve  as  fbel  for  supporting  the  process;  hence  be 
supposm  the  appcarance.of  copious  spots  to  be  indtcsttve  ef  the 

S^roach  of  warm  seasons  on  the  surmee  of  the  earth,  n  theoi^ 
ich  he  has  attempted  to  maintain  by  historical  evidsnos 
The  shallows  he  oonsidera  as  parts  of  an  inferior  stntom  of 
opaque  clouds,  capable  of  piolecting  the  immediate  suAos  of 
tnesun  fiom  the  excessive  heat  produced  by  combustion  in  the 
superior  stratom,  and  probably  of  rendering  this  stnpendboi 
world  fit  Ant  animated  existence.  In  general,  more  or  less  of  the 
real  body  of  the  sua  is  supposed  to  be  visible  through  itolneid 
etmospheve,  where  its  substenoe  is  not  very  intense,  oi  wheie  it 
is  removed  by  the  varymg  circumstances  of  the  cDmbnstaon* 
As  some  of  the  qpoto  appear  below  the  aorftoe  of  the  shining 
fluid,  it  may  be  presumed  that  thqr  show  us  the  lower  parts  el 
tiie  sun^s  surface;  and  as  other  spots  wpear  above  the  shininif 
jiuid,  it  is  eqtially  reasonable  to  conclude,  that  they  are^  tim 
solar  mountains.  The  former  kind  of  spote  are  very  variable 
in  situation,  and  it  is  dear,  that  if  we  have  the  tree  theory  ef 
the  sun  before  us,  thcj  may  never  occur  twlospredael^  at  the 
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iMoe  fJaor.  ^  The  spots  altritwted  to  the  pioiection  of  the  tolac 
iDOiiiiteiASy  aie  fixed  with  respect  to  the  sun  s  surfece,  and  are 
those  by  which  the  sun's  rotation  on  his  axis  has  been  determin* 
ed.  tk.  Herschfll,  taking  into  considenition  the  great  atbactioa 
imted  by  the  sim  upon  bodies  placed  at  its  sunace ;  and  the 
ahiw  leToltttion  it  has  abont  its  axis^  thinlcs  that  the  solar  moon- 
tains  nay  be  more  than  900  mika  high,  and  yet  stand  very 
ftinhr. 

Or.  Yottu,  in  op|x>sit]on  to  the  theory  of  Dr.  Herschd, 
aigoes,  that  if  we  inquire  into  the  intensity  of  the  heat  which 
must  necessarily  exist  wherever  this  combustion  is  performed, 
we  shall  soon  be  convinced  that  no  ciotids,  however  dense^  oould 
impede  its  rapid  transmission  to  the  parts  below.  Bmides,  the 
diameter  of  tne  sun  is  1 1 1  times  as  great  as  that  of  the  earth ; 
and  at  its  surface,  a  heavy  body  would  fall  through  no  less  Uian 
460  feet  in  a  single  second ;  so  that  if  every  other  circumstance 
permitted  human  beings  to  reside  on  it,  their  own  weight  would 
firesent  an  insuperable  difficulty,  since  it  would  become  thirty 
limes  as  great  as  upon  the  surfiice  of  the  earth,  and  a  man  of 
moderate  siae  would  wci^h  above  two  tons.  This  hypothesis  is 
not  so  satisfiurtory  as  Dr.  Heischel's.  If  the  sun  be  not  inhabited, 
the  onl^  adequate  purpose  of  its  existence  which  we  can  con« 
ceive,  is  that  of  maintaining  the  existence  of  the  other  parts 
of  the  sobr  system,  and  that  this  is  the  only  or  chief  use  of  it 
la  inoonsistent  with  that  frugality  of  means  which  appeaia  the 
more  eminent,  the  asoae  doMly  we  examine  the  works  of  nature.' 
As  the  sao  is  so  much  bner  than  the  aggregate  mass  of  tha 
planets,  if  it  had  been  enmed  with  no  more  inherent  heat  than 
WW  can  easily  reconcile  to  our  gross  ideas  of  organisation, 
it  would  have  supported  a  greater  number  ef  infaabitauMla  Umv 
all  the  jpfamets,  supposing  each  of  them  to  be  the  residence  of 
living  beings.  It  seems  absurd,  then,  to  suppose  that  tiie'sun  is 
created  sonv  for  the  use  of  the  compaiativiBiy  mean  and  dimi« 
native  worios  that  surround  him ;  and  a  strange  unphikMrnhical 
liaitatian  of  the  Deity's  power  and  beneficence,  to  conclude  that 
he  cannot  call  into  existence  beings  whose  organs  are  as  admirably 
■sited  to  their  peculiar  circumstmices  osi  the  sun,  as  we  are  to 
wni  €ma  siluatnm.  With  the  knowlei^  we  possess  oi  niodee 
of  cKistesMO  infinilel V  di vcnsfied ,  ^ire  cannot  deny  the  existence 
of  the  Pomsa  lo  poducesnch  beings,  and  when  we  consider  the 
falnem  ef  oraatmo  within  An  sphere  of  our  observation,  it 
asems  as  dilieuli  to  deny  the  presence  of  the  Will  to  crenle 
tham^  saiber  than  leauan  mighty  blaatk  of  that  possiUohiqppi* 
Mss^  wUoh  MTsiads  of  beings  mig^t  enjoy.  The  argumente 
«|iiiMt  tha  inhhiinbia  cendSioA  of  the  sqp,  drawn  i^  tb» 
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Che  czooBfe  vdgM  fliiiodis  osilisufroe, 
ittToacliwnFe,  wJkm  whuhitMii  obbU  be  fimned  odij  of 
tk  SMie  kind  of  Mailer  as  oanebo,  vUdi  is  Mt  cetUMj 
the  moA  pnlmbk  cnjedac  If  SKf  aho  he  olMmredy  thai 
the  sticngth  or  laawuihr  caeigj  of  ofdiaaiysai  isnotnMie 
inierior  lo  the  mrnlar  cneigy  of  eooK  iadividoak  that  haw 
occasionally  appealed  in  the  worid,  than  the  wom  alai 
of  (heie  nrnaAahle  men  it  inferior  to  what  an  inhabitant  «f 
san  woaU  leqniie^  protided  gicaier  innwadar  energy  vera  the 
only  means  he  pot  a  and  to  ovegODme  the  dandnmlage  of  his 
wcigfal. 

With  lespect  to  the  eioemive  heat  at  the  sBifroe  of  Che  son, 
there  are  many  fiu^ls  which  show  that  heat  is  piodaeed  by  the 
son's  rays  only  when  thejr  act  on  a  calorific  nsedinm;  th^  pro* 
dooe  hot  by  nniting  with  the  matter  of  fire  which  is  cootauwd 
in  the  sobstanom  tluit  are  heated.  The  coUiston  of  a  flint  and 
stml  wiU  inflame  a  magazine  of  goopowder,  by  potting  all  tb^ 
latent  file  which  it  contains  into  action;  while  the  same  sparic 
noon  a  heap  of  sand  woold  not  have  the  slightest  eflbct  Now 
if  wesnppose  the  matter  on  the  snrfiure  of  tw  son,  not  to  admit 
of  any  estensire  diemical  combinaticm  with  its  rays,  it  b  easy 
to  perceive,  that  the  heat  may  not  be  such  as  to  be  inconsistent 
with  organized  existence. 

Walfcer^s  speculations  on  the  son  aie  Ttry  ingenions*    He 
supposes  the  particles  of  light,  which  constitate  Xm  solar  atmo«i 
spoere,  strongly  to  repel  each   other;  that  this  propeity  of 
repulsioo,  is  <me  cause  of  the  light  being  dispersed  or  projected 
in  every  direction  through  space;  but  that,  si  the  equslorial 
regions  of  the  sun,  the  centrifugal  forcx  cnated  bjlus  mtatiosi^ 
co-operating  with  repuMoo,  produces  a  more  cooious  emtsHoa 
of  the  vital  ocean,  than  at  die  pofaur  rq^ions.     The  sun  turns 
on  an  axb  inclined  but  8^  from  the  plane  of  die  ecliptic;  his 
equatorial,  m*  greatest  centrifugal  daschnrge  of  particles,  will 
tberefom  be  nearly  confined  to  the  zodiac  or  track  of  the  piantils, 
where  the  greatest  supply  is  required.  '  TaUag  fiv  graaied, 
(and  we  shall  afterwards  see  the  reasonablenem  of  the  behsf,) 
that  the  fixed  stars  are  suns,  he  suppesm  thai  these  suns  rtemit 
each  other,  by  imbibing  at  and  near  their  poke,  awst  of  Ihw 
light  that  reaches  them;  for  towards  their  palas,  the  strong* 
attraction  of  the  sun*s  body,  overcoaMs  the  vsprfsmn  of  ligh^ 
whea  that  repulsion  is  but  little  assbtod  by  the  oentsifuBsl  kmt^ 
and  the  light  thus  imbibed,  sinks  down  Ibr  Abe  sup|Njriof  Ibo. 
equatorial  rcgioas.    But  a  still  more  beaotifial  pastor  thia  hypo^ 
thesis,  is,  tluit  it  explains  the  cause  of  the  dininal  motmi  of 
the  earth  and  other  planets,  which  Newtoot  kft  onacooukHtd  fiar. 
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Light  has  been  shown  (see  Optics)  to  possess  momentum; 
suppose  then,  S,  fig.  6,  p.  II,  to  be  the  sun,  and  E  the  ^rth, 
and  that  the  lines  a,  6,  c,  if,  &c.  represent  rays  of  light  issuing 
l^ntriftigally  from  the  sun.  A  line  from  the  sun*s  centre  of 
^▼itj,  if,  to  that  of  the  earth,  o,  will  show  the  direction 
in  which  the  two  bodies  rontually  attract  each  other,  or  the 
Hoe  in  which  they  would  fall  together,  if  no  counteracting 
principle  prevented  it.  The  equal  distances  of  the  lines  which 
lepresent  the  rays,  being  agreeable  to  the  equal  distribution  of 
lint  through  the  zodiac,  it  may  be  seen  that  twice  the  quantity 
mis  on  one  side  of  the  line  of  direction,  «  o,  as  on  the  other ; 
thus  abed  are  on  one  side,  while  e  and  f  onlj  fall  on  the  opposite 
side  of  the  line  of  direction.  Though  this  is  an  exaggerated 
proportion,  yet  in  all  the  positions  in  which  the  earth  stands  to 
the  sun,  during  its  annual  revolution  round  him,  it  will  be 
found  that  more  rays  fall  on  one  side  of  its  axis  than  on  the 
0ther ;  and  the  consequence  of  such  an  inequality  of  impulse 
must  be  its  rotation  on  its  axis,  if  not  also  <h  its  annual  revo- 
lotion.  The  author  further  inquires,  whether  the  repulsion  of 
light  may  not  be  a  balance  to  the  gravitation  of  the  plands 
towards  the  sun,  and  whether  their  several  distances  may  not  be 
produced  by  diflferences  in  their  densities,  because  the  larger  the 
surfiice  of  a  given  quantity  of  matter,  the  more  it  will  be 

7ielled  by  the  action  of  light  ?  To  put  these  ideas  to  the  test 
experiment,"  he  had  recourse  to  tne  followiner  means ;  He 
took  a  circular  wooden  box,  BB,  fig.  1,  pi.  HI,  and  made 
oblique  boles,  represented  by  the  tubes,  in  its  side.  This  box 
was  close,  both  at  top  and  bottom,  with  the  exception  of  an 
aperture,  a,  to  admit  the  mouth  of  a  doable  bellows,  to  make 
the  current  of  air  equal.  A  very  thin  glass  globe  was  hung  by 
k  very  long  thread,  exactly  over  the  centre  a.  This  gave  it  a 
constant  tendencv  towards  that  centre,  and  representedTthe  gra« 
vitation  of  the  planets  towards  the  sun.  The  ball  beinr  now 
drawn  to  the  siJe  of  the  box,  and  the  bellows  btown,  the  box 
instantly  began  to  turn  on  its  axis,  and  to  revolve  in  an  dlipse. 
This  experiment  is  curious,  and  will  rratify  those  who  mar  not 
be  disposed  to  give  full  credence  to  tne  theory  it  was  instituted 
to  support ;  yet  the  theory  itself  is  certainly  more  entitkd  to 
lespectfnl  attentfen  than  many  that  have  been  proposed ;  the 
present  state  of  our  knowledge  does  not  enable  us  to  decide 
agahist  it  j  and  it  therefore  remains  tot  future  investigatkms  to 
eilabliib  or  subvert. 
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^iU  a  Tcry      '  " 
aad  a»  ke  B  enaalS  j  loil  in  tW 
iiifrwM wrn  ktwe  tnit  uamXj 
Uom  %ptm  fcua«    H»  diniart 
rooad  iW  9W  is  yuUMm^d  m  HT  dayi^  23 
^  teeoMk  ;  bb 

Ihafl  44  dbfi cmJi.   As  mo  sfOUhstwe  Jtt 
disc,  the  tone  of  kn  diami  roCaCkw  k 
Ij,  tlumA  Sdiroelcr  it  iiulacrd  bj 
bdaere  tsat  it  is  paiarmcd  lu  24, 
posilkNi  of  bss  auDs  is  idio 

Mercvry  nefcr  got»  U>  a  gicalcr  dittiacr  fnm  the  mi  Uiui 
atmitS7*y;  mihatht'm  ntwerlomgaim  Mttag  sAa  Ibe  sum 
thaa  an  hour  aad  fifij  aumles;  aor  does  he  crcr  rise  noocr 
than  the  saoie  space  of  tisse  btJkme  the  saa.  Whea  he  bcgias 
to  anfce  his  appcaiaooe  ia  the  ewemiag  after  saa  set,  he  caa 
•csfcdf  ai  6f9t  be  diiliBpiisbed  oa  stioaat  of  the  twilight:  baft 
be  issern  at  a  greater  distaaoe  froai  the  saa  every  sacoesriTC 
erenioi^,  till  be  has  attaiaed  thedislaaoe  of  aboal  29*  5',  whea 
be  begitm  to  letora  agaio«  Dariag  this  iatcrval,  his  aaitioBy 
relerred  lo the  stars,  is  direct;  bat  whea  he  approaches  witbia 
J8^  of  tbe  SOB,  he  appean  far  soose  tiaie  listiiiaaiy,  aad  thea 
his  motioD  begins  to  be  retrograde,  till  at  last  his  prasifluty  to 
tbe  son  piereaU  his  beiiu^  seea.  Soon  after,  he  say  be  oes- 
ceiired  in  tbe  morning  befaie  saa*rise,  lecediag  faiftcr  aad  far* 
ther  from  that  laminaiy,  as  befofe  be  disappeared.  Ha?iag 
aUaioed  tbe  distance  of  IS"",  he  a^ain  beoooies  statioaair,  thea 
assamcs  a  direct  motion,  bot  contuoes  to  separate  till  bii  dis- 
tance is  22^  5'f  after  which  be  agaia  retarns  to  tbe  saa, 
plunges  into  his  rays,  and  appears  soon  after  ia  tbe  ereoing, 
after  snn-set,  to  repeat  tbe  same  career. 

The  iaclinatioo  of  Mercury's  orbit,  to  the  plane  of  the 
ecliptic,  is  about  7"^.  He  may  be  much  better  obsenred  near 
our  equator  than  in  high  latitudes.  When  ezamlaed  with 
a  telescope  magnifying  200  or  900  times,  he  exhibits  the  mmt 
diflcrence  of  pbaies  as  the  moon,  being  sometimes  boraed. 
sometimes  gibbous,  and  sometimes  shining  almost  with  a  ronoa 
face — it  is  not  entirely  full,  because  his  emightened  side  is  nefcc 
turned  directly  towards  us ;  but  he  is  at  all  times  well  defined, 
without  any  ragged  edge,  and  perfectly  bright;  lilw  the  moon, 
the  Clement  u  always  turned  towards  the  sua.    The  appamU 
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diameter  of  Mercarj  varies  witli  his  position ;  it  is  least  nrhen 
the  planet  planges  into  the  solar  rays  in  the  morning,  or  when  it 
disengages  itsetf  from  them ;  it  is  greatest  !^cn  the  planet 
plunges  into  the  solar  rays  in  the  evening,  or  when  it  disen- 
gages itself  from  them  in  the  evening ;  that  is,  when  Jthe  planet 
passes  the  sun  in  its  retvogade  motion,  its  diameter  appears  the 
greatest  possible;  and  vhen  k  passes  the. sun  in  its  direct 
motion,  it  is  the  smallest  possible.  Sometimes,  when  the 
planet  disappears  during  its  retrograde  motion,  that  is,  when  it 
plunges  into  the  sun's  rays  in  the  evening,  it  may  be  seen  cross- 
ing the  sun,  in  a  right  line,  under  the  form  of  a  black  spot. 
This  black  spot  is  recognized  to  be  the  planet,  by  its  position, 
its  apparent  diameter,  and  its  retrograde  motion.  These 
transits,  as  they  are  termed,  arc  i;niniature  eclipses;  they 
demonstrate  that  the  planet  is  itself  an  opaque  body,  and  shines 
only  by  the  light  it  borrows  from  the  sun.  A  transit  of  Mer- 
cury does  not  occur  at  every  one  of  his  revolutions,  because 
his  orbit  is  inclined  to  the  ecliptic,  and  coincides  with  it  only  at 
the  two  nodes ;  hence  the  planet  cannot  be  seen  to  pass  over  the 
disc  of  the  sun,  unless  its  nodes  are  in  or  very  near  the  line  which 
joins  the  sun  and  the  earth.  Transits  of  Mercury  are  expected 
in  the  years  1815,  18S2,  189!?,  1835,  1845,  and  1848. 

Mercury  moves  in  his  orbit  about  1 10,000  miles  per  hour;  the 
sun  to  htm  appears  three  times  as  large  as  to  us,  and  affords  him, 
at  a  medium,  seven  times  the  heat  felt  at  our  torrid  lone.  Hence 
it  appears  that  if  the  materials  of  which  the  planet  is  composed 
were  as  susceptible  of  being  heated  as  those  of  our  earth,  they 
would  be  either  melted  or  vitri6ed,  and  the  planet  would  have 
acquired  such  a  brightness,  as  to  prevent  its  appearing  like  a  black 
spot  at  its  transit.  Why  then  may  we  not  suppose  that  he  has 
inhabitants  as  different  from  us  as  his  matter? 

Venus  is  the  most  beautiful  star  of  the  heavens.  She  is 
called  the  Morning  or  Ervening  Star,  according  as  she  precedes 
or  follows  the  apparent  course  of  the  sun,  and  retains  each  title 
about  290  days.  Her  light  is  rrmirkable  for  ita  brightness  and 
whiteness^  casting  a  sensible  shallow,  and  so  Tivld,  at  her 
greatest  elongations,  that  she  is  visible  to  the  naked  eye  in  fuM 
day-light ;  and  the  light  of  the  moon  b  fr<>quently  observed  to 
be  comparatively  dull.  She  is  the  second  planet  from  the  sun, 
loond  which  she  performs  her  annual  revolution,  at  the  roediora 
distance  of  68,000,000  of  miles,  in  9M  days,  16  hours,  41 
minutes,  97  seconds.  The  time  of  her  diurnal  revolution* 
•r  the  length  of  her  day,  is  supposed  to  be  29  hours,  21 
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minutes.    It  is  necessary  to  raiuurk)  that  with  respect  to  this 

£oint,  and  conclusbns  drawn  from  it^  there  is  some  uncertainty. 
Ir.  Herscihel  is  among  those  observers  who  have  not  satisfied 
themselves  as  to  the  existence  of  spots  on  this  planet,  and 
therefore  do  not  consider  the  position  of  her  axis,  and  the  period 
of  her  diurnal  rotation,  as  fully  determined.  Her  diameter  is 
7687  miles,  and  she  b  therefore  very  nearly  the  size  of  the 
Earth.  The  inclination  of  her  orbit  .to  the  ecliptic,  is  about 
3^  23'  35'\  Her  greatest  distance  from  the  sun  varies  from 
45<'  to  nearly  iS"". 

The  transits  of  Yenusare  very  rave  phenomena;  only  two, 
we  have  before  observed,  occurrra  during  the  last  century,  and 
another  will  not  happen  until  the  vear  1874.     During  a  transit, 
the  black  spot,  under  the  form  of  which  she  appears,  bM  an  appa- 
rent diameter  of  59".    A  few  days  after  this  nas  been  observed, 
she  is  seen  in  the  morning,  west  of  the  sun,   and  appeaif 
through  a  good  telescope  b  the  form  of  a  fine  crescent,  with 
the  convexity  turned  towards  the  sun.    She  moves  graduaUj 
westward  with  a  retarded  motion,  and  the  crescent  becomea 
more  full.    In  about  ten  weeks,  she  has  moved  about  46''  west 
of  the  sun,  and  is  now  a  semi-circle,  and  her  diameter  is  86'. 
She  is  now  stationary.    She  then  moves  eastward  with  a  motion 
eradually  accelerated,  and  overtakes  the  sun  in  9|  months  afier 
naving  been  seen  on  his  disc.    Sometime  after,  she  is  seen  in 
the  evening,  east  of  the  sun,   round,  but  very  small*    She 
moves  eastward,  and  increases  in  diameter,   but  kwes  of  her 
roundness,  till  she  gets  about  46°  east  of  the  sun,  when  she  is 
a^n  a  semi-circle.    She  now  moves  westward,  increasing  in 
diameter,  but  becoming  a  crescent,  like  the  waning  moon ;  and, 
at  last,  after  a  period  of  nearly  584  days,  comes  again  into  €oo« 
junction  with  the  sun,  with  an  apparent  diameter  of  59".    It 
may  perhaps,  excite  the  surprise  of  some,  that  Yenus  should 
keep  longer  on  the  east  or  west  of  the  sun,  than  the  whole  time 
of  ner  period  round  him.     But  the  di£Bculty  vanishes  wbeQ  we 
consider  that  the  earth  is  all  the  whilegoii|g  nuind  the  sao  the 
same  way,  though  not  so  quickly  as  Venus;  and  thenfove  bat 
lebtive  motion  to  the  earth  must  in  every  period  be  as  much 
slower  than  her  absolute  motion  in  her  orbit,  as  the  earth  duriiM: 
that  time  advances  forward  in  the  ecliptic,    which    is  890 
degrees. 

To  the  inhabitants  of  Venus,  the  sua  will  appear  nearly  twice 
as  large  as  to  us,  and  Mercury  will  be  a  morning  and  an  eveniog 
star  to  them,  as  she  is  to  us.  Her  atmosphere  has  been  calcu« 
lated  at  fifty,  miles  in  height,  from  a  shade  appearing  oa  the 
8ttn*s  fiice,  about  five  seconds  before  the  dark  oody  oc  V«a«% 
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uppetned  to  (ouch  his  edge,  at  the  time  of  her  transit.  At  this 
time,  ako,  the  greatest  attention  was  ererted  to  discover  whether 
she  was  attended  by  any  satellite,  but  none  was  observed,  and 
she  is  therefore  not  known  to  have  one. 

The  axis  of  Venus  is  generally  supposed  to  be  inclined  75 
degrees  from  the  axis  of  her  orbit,  which  is  5 1  i  degrees  more  than 
our  earth's  axis  is  inclined  from  the  axis  of  the  ecliptic;  and  thereh 
fore  the  variation  of  her  seasons  is  proportionately  greater.  The 
north  pole  of  her  axis  inclines  towards  the  SOth  degree  of  Aqua* 
rius,  our  earth's  to  the  beginning  of  Cancer :  consequently  the 
northern  regions  of  Yenus  have  summer  in  the  signs  where 
those  of  our  earth  have  winter,  and  vice  versa.  As  the  sun's 
greatest  declination  on  each  side  of  her  equator  amounts  to  75 
degrees,  her  tropics  are  only  15  degrees  from  her  poles,  and  her 
poUr  circles  as  tar  from  the  equator.  She  has  at  her  equator 
two  summers  and  two  winters,  in  each  of  her  annual  revolu- 
tions. 

The  Earth.  0 

The  Earth  is  the  next  planet  above  Venus  in  the  Solar  Sys^ 
tem.  Her  distance  from  the  sun,  is  at  a  mean  95,000,000  of 
miles,  and  her  annual  revolution  is  performed  in  365  days,  $ 
hours,  48  minutes,  49  seconds ;  this  is  called  her  tropical  year ; 
but  the  time  she  takes  to  perform  an  annual  revolution  from  any 
fixed  star  \o  the  same  agam,  as  seen  from  the  sun,  is  365  dayS| 
6  hours,  9  minutes,  12  seconds,  which  is  called  a  sidereal  year. 
Her  rotation  on  her  axis  is  performed  in  S4  hours,  which  is 
called  the  length  of  a  natural  dav.  Her  diameter  is  79J I  miles* 
Though  she  travels  along  her  orbit  at  the  rate  of  68,000  miles 
per  hour,  a  motion  araut  140  times  swifter  than  that  of  a 
cannon  ball,  pret  her  motion  is  little  more  than  half  as  swift  as  that 
of  Mercury  m  his  orbit.  Her  diurnal  rotation  being  from  west 
to  east,  causes  the  apparent  diurnal  motion  of  all  the  heavenly 
bodies  from  east  to  i^est.  Besides  the  68,000  miles  of  pr^ras^ 
sive  advance,  to  which  the  inhabitants  9ft  every  paiit  are  sub* 
jected  alike,  the  inhabitants  of  the  equator  are  carried  1090 
miles  every  hour  bv  the  earth's  motion  on  its  axis;  but 
ifrom  the  equator  to  the  poles,  this  motion  dirainbhes,  and  at  tht 
htitude  of  London,  it  amounts  cnly  to  abont  580  miles  per  bonv. 

If  the  axis  of  the  earth  were  perpendicular  to  the  eclipti^^ 
or  plane  of  its  orbit,  the  days  and  nights  would  be  of  equal 
length  in  e^my  part  of  it ;  but  its  axis  is  inclined  93\  degress 
to  Ae  ecliptic,  and  this  produces  the  seasons,  the  excessive  heal 
which  would  be  felt  at  the  equatoTi   and  the  exceMTe  coU 
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which  fRNdd  ut  fnt  ^  iht  poif»y  beisg'  (hcidiy  both  sodenled* 
The  carth^iazk  krrpi  inraflrl  with  itvlf,  thai,  b,  csanBtaattjpRw 
warcB  the  flaBeoUiqor  difrdion,  doriii^  the  whole  of  its  uuoil 
jooncy,  with  a  fery  aaall  exception  to  be  aftciwaids  noticed. 
The  foBaming  experimcat  will  rtve  a  plaiB  idea  of  the  diur- 
■al  and  annual  uMitioai  of  the  eaitt^  and  the  phenomena  of  the 
teaaoos :    Take  dioat  KTcn  feet  of  finmf^  wire,  and  bend  it 
circolarij, ^tabcd^  t%.2,  pi.  3,  which  bdntrTiewed  obliqodjr, 
appean  elliptical  as  in  the  %nre.     Place  a  lifted  candle  on  a 
table;  and  hairine  fixed  one  end  of  a  silk  thread,  K,  to  the 
notth  pole  of  a  small  terrestrial  globe  H,  abont  three  inches 
diameter,  canae  another  person  to  hold  the  wire  cirde,  so  that 
it  nmj  be  parrild  to  the  taUe,  and  as  high  as  the  flame  of  the 
candie,  I,  which  sboold  be  in  or  near  the  centre.    Then  having 
twisted  the  thread  as  towards  the  left  hand,  that  bj  nntwisting, 
it  maj  torn  the  globe  roand  eastward,  or  contrary  to  the  way 
that  the  hands  of  a  watch  move,  hang  the  globe  by  the  Uiread 
within  this  circle,  almost  cootignoos  to  it;  and,  as  the  thread 
untwists,  the  globe  (which  is  enlightened  half  round  by  the 
candle,  as  the  earth  is  by  the  sun)  will  torn  round  its  axis,  and 
the  diferent  places  upon  it  will  be  carried  through  the  light 
and  dark  hemispheres,  and  have  the  appearance  of  a  regmar 
suecearion  of  days  and  nights,  as  our  earth  has  in  reality  by 
such  motion.    As  the  globe  turns,  move  your  hand  slowly,  so 
as  to  carry  the  globe  ronnd  the  candle,  according  to  the  order 
of  the  letters  abcd^    keeping  its  centre  even  with  the  wire 
circle,  and  yon  will  perceive,  that  the  candle,  being  still  perpen- 
dicular to  the  equator,  will  enlighten  the  globe  from  pole  to 
pole  in  its  whole  motion  round  the  circle ;  and  that  every  place 
on  the  globe  goes  equally  through  the  light  and  dark,  as  it 
turns  round  by  the  untwisting  of  the  thread,  and  thensfoie  has 
a  peipetual  equinox.    The  globe  thus  turning  round,  represents 
the  earth  turning  round  its  axis;  and  the  qiotion  of  the  globe 
round  the  candle  represents  the  earth*s  annual  motion  round  the 
sun ;  and  shows,  that  if  the  earth*s  axis  had  no  inclination  to 
the  plane  of  its  orbit,  all  the  days  and  nights  of  the  ^rear 
would  be  equally  long,  consequently  there  would  be  no  difler- 
ence  of    seasons.      This  peculiarity  distinguishes  the  planet 
Jupiter,  whose  inhabitants  nave  a  perpetual  equinox,  namelT, 
bis  axis  is   perpendicular  to  the  pbne  of  his  oibit,   as  the 
threacY,  round  which  the  globe  turns  in  thb  experiment,  >*Pff* 
p^ndicular  \o  the  plane  of  the  area  inclosed  by  the  wire.— But 
now  let  the  person  who  holds  the  wire,  hold  it  obliouelv  in  the 
position  ABCD,  raising  the  side  So  jast  as  much  as  ne  depresses 
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the  side  Vf ,  ibat  the  flame  may  be  still  in  the  plane  of  the 
circle;  and  twisting  the  thread  as  before,  that  the  globe  may 
tarn  round  its  axis  the  same  way  as  you  carry  it  round  the 
candle,  that  is,  from  west  to  east;  let  the  globe  dowo  into  the 
lowermost  part  of  the  wire  circle  at  V^ ;  and  if  the  circle  be  pro- 
perly inclined,  the  candle  will  shbe  perpendicularly  on  the 
tropic  of  Cancer;  and  the  frigid  zone,  lying  within  the  arctic 
er  north  polar  circle,  will  be  enlightened  as  in  the  figure ;  and 
will  keep  in  the  light,  however  often  the  globe  turns  round  its 
axis.  From  the  eouator  to  the  north  polar  circle,  all  the 
places  have  longer  clays  and  shorter  nights ;  but  from  the  equa- 
tor  to  the  south  polar  circle,  just  the  reverse.  The  sun  does 
not  set  to  any  part  of  the  north  frigid  zone,  as  shown  by  the 
candfe^s  shining  on  it,  so  that  the  motion  of  the  globe  can  carry 
no  place  of  that  zone  into  the  dark ;  and  at  the  same .  time  the 
south  frigid  zone  is  involved  in  darkness,  and  the  turning  of  the 
globe  brmgs  none  of  its  places  into  the  light*  If  the  earth  weie 
U>  continue  in  the  like  part  of  its  orbit,  the  sun  would  never  set 
to  the  inhabitants  of  the  north  frigid  zone,  nor  rise  to  those  of 
the  south.-  At  the  equator,  it  would  be  always  equal  day  and 
night;  and  as  places  -are  gradually  more  and  more  distant 
towards  the  arctic  circle,  they  would  have  longer  days  and  shorter 
nights ;  whilst  those  on  the  south  side  of  the  equator  would  have 
their  nights  longer  than  their  days.  In  this  case  there  would 
be  a  continual  summer  on  the  north  side  of  the  equator,  and 
oontinual  winter  on  the  south  side  of  it.  But  as  the  globe 
turns  round  its  axis,  move  your  hand  slowly  forward,  so  as  to 
ear ry  the  globe  from  H  towards  E,  and  the  boundary  of  light 
and  darkness  will  approach  towards  the  north  pole,  and  recede 
towards  the  south  pole :  the  .noKhem  pbces  will  go  through 
less  and  less  of  the  light,  and  the  southern  pbces  through  more 
and  more  of  it ;  showing  how  the  northern  days  decrease  in 
lenfftb.  and  the  southern  days  increase,  whilst  the  globe  pro- 
ceeds rrom  H  to  £.  When  the  globe  is  at  £,  it  is  at  a  mean 
slate  between  the  lowest  and  highest  parts  of  its  orbit;  the  can- 
dle is  diiectly  over  the  equator ;  the  boundary  of  light  and 
darkness  just  reaches  to  both  the  poles,  and  all  places  on  the 
f^bbe  go  equally  tbroo^  the  light  and  dark  hcmiqiheres,  show- 
ing that  the  days  and  nights  are  then  eqnal  at  all  places  of  the 
earth,  the  poles  only  excepted ;  for  tbie  sun  is  then  setting  to 
the  north  pole,  and  rising  to  the  south  pole. 

Continue  moving  the  globe  ibrwaid,  and  as  it  ^oes  thioogh 
the  quarter  A,  the  north  pole  recedes  still  faKher  mto  the  dark 
hcasisphere,  and  the  sooth  advances  more  into  the  light,  asthe 
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globe  comes  nearer  to  SS ;  and  when  it  conies  tbere  at  P,  tbe 
candle  is  directly  over  the  tropic  of  Capricorn ;  the  dajs  are  ai 
the  shortest,  and  the  nights  at  the  longest  in  the  northern  hemi* 
sphere,  all  the  way  from  the  equator  to  the  arctic  circle ;  and 
the  rcTerse  in  the  soathem  hemispbere,  from  the  eqnator  to  the 
antarctic  circle;  within  which  circle  it  is  for  many  weeka 
continual  daylight. 

Continue  both  motions,  and  as  the  globe  mores  through  the 
quarter  B,  the  north  pole  advances  towards  the  light,  and  the 
south  pole  recedes  towards  the  dark ;  the  days  lengthen  in  the 
northern  hemisphere,  and  shorten  in  the  southern ;  and  when 
the  globe  comes  to  G,  the  candle  will  be  aeain  over  the  equator, 
(as  when  the  dobe  was  at  E,)  the  days  and  nights  will  theiefoie 
again  be  equal,  and  the  north  pole  will  be  just  commencing  her 
lone  day,  while  the  south  is  left  for  an  equal  space  of  time 
in  darkness. 

Thus  we  see  the  reason  why  the  dajrs  lengthen  and  shotten 
from  the  equator  to  the  polar  circles  every  year ;  why  theie  is 
periodically  no  da^  or  night  for  many  turnings  of  the  earth 
within  the  polar  circles;  why  there  is  but  one  day  and  one 
night  in  toe  whole  year  at  the  poles;  and  why  the 
days  and  nights  are  equalfy  long  all  the  year  roend  at  the 
equator,  which  is  alwavs  equally  cut  by  the  circle  boondng 
Itf  ht  and  darkness.  The  inclination  of  an  axis  or  of  the  pfawe 
oi  an  orbit)  is  merely  relative,  arising  out  of  the  comperisoo  we 
make  with  some  other  axis  or  orbit,  which  we  do  not  consider  m 
inclined  at  all.  If  the  axn  of  the  earth  be  inclined  9SH  dtewqi 
to  the  axis  of  his  orbit,  the  axis  of  this  eifait  must  be  incuned 
l^f  degrees  to  the  axis  of  the  earth;  and  it  amoontsto  tkesame 
Uiinff,  whether  we  use  the  former  expression  or  the  latter. 

Though  we  say  that  the  inhabitants  within  the  arctic  and 
antarctic  circles  are  at  opposite  times  of  the  year  deprived  ef 
the  sight  of  the  sun,  yet  they  are  not  altogether  de|mved  of 
his  light;  for  the  atmosphere  reflecting  and  refracting  the  sonV 
lufht,  forms  a  twilight  at  the  distance  of  even  18  degrees, 
Sfence  the  day  breaks  to  us  when  the  son  ia  stiH  18  degrees 
below  the  eastern  horieons  and  we  have  his  Iwbt  hi  the  evmy 
till  he  shiks  18degrees  below  the  westea.    not  as  the  sen  aa 
Slimmer  rises  considerably  to  the  north  of  the  east,  and  sale 
also  to  the  north  of  the  west'  with  os,  he  rises  and  seti  very 
obliquely  to  the  hori^n^  and  the  twilight  is  of  long  dnratioii. 
At  midsummer.  Great  Britain  has  no  night,  for  the  whole 
island  ia  within  18  degrees  of  the  horfaBon,  or  benadary  of  the 
Mm's  lighL    In  high  sonthem  latttodea,  thsy  enjoy  ift  Oeir 
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tarn,  the  same  advantage;  but  at  the  equator,  the  sun  sinks 
abruptly  from  the  horison,  because  his  path  is  at  right  angles  to 
it,  or  very  nearly  so ;  and  the  quick  transition  from  the  glare  of 
day,  to  uUer  darkness,  cuts  off  the  enjoyment  of  the  twilight 
hour. 

From  the  revolution  of  the  earth  round  its  axis,  Sir  Isaac 
Newton  was  led  to  suppose,  that  its  shape  was  not  a  perfect 
sphere,  but  that  of  an  obkite  spheroid,  flattened  at  the  poles} 
because  in  revolving  its  parts  have  a  tendency  to  recede  from 
the  axis,  from  the  equator  particularly,  consequently  the  poles 
press  internally,  and  raise  the  equatorial  parts,  till  an  equilibrium 
occniB.  Sir  Isaac  Newton  calculated  that  the  equatorial  exceeds 
the  polar  diameter  34  miles  and  one*fiflh;  and  this  instance  of 
his  penetration  was  afterwards  fully  confirmed  by  the  admea* 
surements  and  observations  of  two  deputations  of  mathemati- 
cians, who  visited  the  vicinity  of  the  northern  and  southern 
poles  in  1735,  and  agreed  in  pronouncing  them  flattened, 
flunking  the  difference  b^woen  the  diameters  as  266  to  965,  or 
as  179  to  178.  Another  proof  of  the  flatness  of  the  poles  has 
been  mentioned,  at  page  S7T,  where  we  have  observed,  that  a 

Edulom,  calculated  to  swing  seconds  at  the  poles,  or  in  a 
h  latitiide,  will  not  swing  seconds  at  the  equator  unless  it  be 
shortened ;  therefore,  as  a  pendulum  fwings  by  the  power  of 

Evity,  that  power  is  rather  less  at  the  equator  than  at 
poles ;  partly  on  account  of  the  greater  distance  of  those 
parts  from  the  equator,  and  partly  from  the  centrifugal  force, 
which  tends  to  throw  everv  thinf  in  a  tangent  from  its  surface. 
If  the  diurnal  metion  of  the  earth  were  to  cease,  its  centrifugal 
fiurca  would  of  course  be  destroyed  at  the  same  time,  m  which 
case,  the  water  it  supports  would  immediately  retire,  in  order 
to  restore  the  perfectly  globuUr  form  of  the  earth,  and  would 
drwwn  the  polar  regions.  An  experiment  may  easily  be  contrived 
to  show  the  tendency  of  a  swili  whirling  motion  to  produce  an 
ablate  spheroid  like  the  earth,  liet  two  slips  of  pastdboard, 
or  an^  tolerably  flexible  material,  be  bent  into  a  circular  form, 
and  fitted  upon  an  axis,  as  shown  by  fig.  3,  pi.  Ill ;  so  as  to 
turn  with  that  axis.  When  they  are  made  to  revolve  very 
slowly  by  turning  the  winch  G,  the  change  in  their  form  will 
not  be  perceptible;  but  if  the  winch  be  turned  with  rapidity,  the 
poles  <H  the  hoc^  are  depressed,  and  their  sides  bulge  out. 

That  the  apparent  diameter  of  the  sun  is  greater  in  winter 
than  in  summer,  is  obvbus  to  common  observation.  The  rea- 
soa  is,  the  earth's  elliptical  orbit,  in  the  lower  focus  of  which 
thasun  is  situated,  and  as  this  point  is  1,617,941  miles  from  the 
oentre  of  the  orbit,  the  earth  comes  twice  that  distance,  or 
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S^9S5,886  miles  nearer  tbe  tun  at  one  time  of  At  year  than 
another)  and  its  nearest  approach  is  in  our  winter^  for  it  is  then 
the  son  appears  under  the  brgest  angle.  Hence  it  maj  be 
inqniicd,  why  have  we  not  the  hotlest  weather  when  the  eaith 
is  nearest  the  sun?  In  tbe  first  place^  it  must  be  observed  in 
answer^  that  the  eccentricitj  of  the  earth's  orbit,  or  1,617,941 
■liles,  bears  no  greater  proportion  to  the  earth*s  mean  distance 
fmntheson,  than  17  does  to  1000;  and  theiefovey^  this  small 
diflerenoe  of  distance  is  in  itself  of  little  consequence:  Bui 
tbe  principal  cause  of  the  diflercnce  lietween  winto*  and  summer 
is,  that  in  the  former  seauon,  the  sun's  rays  fall  so  obliqueir 
upon  us,  that  any  eiven  number  of  them  b  spread  over  a  much 
greater  surface  in  the  latitude  in  which  we  live.  Another  cause 
oomributin^  greatly  to  the  winter's  cold,  b  the  length  of  tho 
nights,  which  carry  off  more  heat  than  the  sun  imparts  during 
die  day.  In  summer,  on  the  contrary^  the  sun  attaining  a  con* 
sideiable  altitude,  his  rays  dart  down  upon  us  more  nearly 
perpendicular,  a  greater  number  of  them  fall  upon  the  same 
space ;  and  by  timr  long  continuance,  more  heat  is  imparted 


by  day  than  can  fly  off  by  night.  Tbe  atnamheie  is  healed,  not 
by  the  passage  of  the  sun's  rays  through  it,  but  from  the  earth, 
which  absorbs  them,  and  when  the  cartir  is  once  well  heaiedy 
it  does  not  lose  its  temperature  very  readily,  because  the  air 
carries  off  heat  slowly.  We  have  thesefeve  a  greater  number 
of  warm  days,  and  all  our  hottest  weather,  after  the  fo^gest  day, 
though  the  sun's  meridian  altitude  from  that  day  begins  ia 
decUne;  and  this  is  only  stating  with  regard  to  a  season;  a  fisd 
of  which  we  have  dinrriaUy  a  proof,  vb.  that  it  b  hotter  at  twir 
or  three  in  the  afternoon,  when  the  sun  has  gone  tovrards  the 
west,  than  at  noon  when  he  b  on  the  meridian.  By  parity  of 
icaaoning,  it  b  equally  evident^  that  we  shall  have  the  gieatetf' 
number  of  cM  days,  and  the  coldest  weather,  after  the  uiocleBt 
day,  though  after  that  time,  the  sun  b  actually  higher  every 
day ;  but  the  heat  received  by  the  Earth  b  so  trifliiig,  that  Um 
loa|^  night  b  not  only  adequate  to  counteract  tts  infltenoe,  but  has* 
power  enough  to  reduce  it  lor  some  time  lower  and  lower. 

ne  Moon,  ( 
Next  tathe  sun,  the  Moon  appears  to  o$  the  most  splendid* 
of  all  the  heavenly  bodies.  Her  orbit  b  an  ellipse,  with  the 
Earth  in  one  of  its  feci;  her  revolution  round  the  earth,  b  per* 
Ibrmed  in  29  days,  17  hours,  44  minutes,  3  seconds,  nd  withr 
the  earth  she  revolves  round  the  son  in  a  year.  Her  diai»e 
ter  b  2180  miles,  and  her  distance  240,000  miks.  k  b  thero^ 
fore  her  compamtive  nearness  to  us,  that  make  her  appear  8» 
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large  and 'afford  so  much  light.  Her  loCation  on  her  axis  is  per- 
Ibrraed  in  thesfune  time  as  her  revolution  round  the  eaith,  hence 
the  alwajs  keeps  the  same  side  towards  us,  except  that  we  some- 
times see  a  little  more  of  one  sideband  at  other  times  a  little  more 
of  another  side.  This  is  called  her  Ubraikm.  This  libration  is 
produced  by  her  unequal  motion  in  her  orbit,  and  £rom  Che 
diflferenoe  in  its  direction,  it  is  distinguished  into  two  kinds,  I. 
JUbraiion  in  latitude;  2.  Libration  in  longitude.  Her  libra* 
tion  in  longitude,  is  her  seeming  motion  io  and  fro,  so  as  to 
•bow  sometimes  mote  of  her  eastern  edge,  and  aometimes  more 
of  her  western  ^edge.  Her  libration  in  latitude,  is  when  etther 
of  her  poles  appears  to  dip  a  little  towards  the  earth. 

The  moon  is  an  opaque  globe  like  the  earth,  and  shines 
only  by  ihe  light  she  receives  from  the  sun,  and  reflects  io  us. 
She  therefore  disappears  when  she  comes  between  us  and  the 
sun,  because  her  dark  side  is  then  towards  us.  Thus  when  she 
is  at  A,  fig.  4,  pi.  HI,  in  conjunction  with  the  sun  S,  her 
dark  half  is  towards  the  earth,  and  she  disappears  as  at  a,  there 
being  Jio  light  on  that  half  Io  render  it  visible.  On  the  innermost 
circle,  the  moon  is  delineated  as  she  would  appear  to  a  spectator 
in  the^un;  on  the  outermost  circle,  is  shown  her  appearance  to  a 
apectator  on  the  earth  at  T.  When  she  comes  to  her  first  octant 
al  B,  or  has  gone  an  eighth  part  of  her  orbit  from  her  conjunct 
tion,  a  quarter  of  her  enlightened  side  is  towards  the  earth,  and 
she  appears  homed  as  at  b.  When  she  has  gone  a  quarter  of 
her  orbit  from  between  the  earth  and  sun  to  C,  she  shows  im 
one  half  of  her  enlightened  side,  as  at  r,  and  we  say  she  is  ^ 
quarter  old.  At  D  she  is  in  her  second  octant ;  and  by  show- 
ing us  more  of  her  enlightened  side,  she  appears  gibbous  as  at 
A  At  £  her  whole  enlightened  side  is  towards  ihe  eaiih ;  and 
therefore  she  appears  round,  as  at  e,  and  we  say  it  is  fall  moon. 
In  her  third  octant  at  F,  part  of  her  dark  side  being  towards 
the  earth,  she  again  appears  gibbous,  and  is  on  the  oecrease  as 
at  /•  At  G  we  see  just  one  half  of  her  enlightened  side ;  and 
•he  appears  half  decreased,  or  in  her  third  quarter,  as  at  r. 
At  H  we  only  see  a  quarter  of  her  enlightened  side,  being  In 
bar  fourth  octant,  where  she  appears  horned,  as  at  A.  And  at 
A,  haying  completed  her  course  from  the  sun  to  the  sun  again, 
she  disappears ;  and  we  say  it  is  new  moon.  Thus  in  going 
from  A  to  E,  the  moon  seems  continually  to  increase;  and  in 
aoing from  £  to  A.  to  decrease  in  the  same  proportion ;  haying 
like  phases  at  equal  distances  from  A  to  E,  tmt  as  seen  from  tho 
MuiOy  she  ia  always  full. 
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The  moon  appeui  not  perfixlly  nmnd  when  she  is  fiiU  in 
Uie  highest  or  lowest  part  oif  her  orfail,  beorase  we  have  not  a 
fiyill  Yiew  of  bar  enlii^hlened  side  at  tlMt  time.  When  fnll  in 
Ihe  liighest  part  of  her  orbit,  a  small  deficiency  appears  on  her 
lowest  edge;  and  tbecontrary  when  full  in  the  lowest  part  of 
herorbiL 

It  is  evident  from  the  figure,  thai  when  the  moon  changes 
to  the  earth,  the  earth  appears  full  to  the  moon,  and  vke  vena. 
For  when  the  moon  is  at  A,  new  to  the  earth,  the  whole  enlight* 
ened  side  of  the  earth  is  towards  the  moon;  and  when  tho 
moon  is  at  £,  full  to  the  eaith,  its  dark  side  is  towards  her* 
Hence  a  new  moon  answeis  to  a  full  eaith,  and  a  full  moon  to  a 
new  earth.     The  quarters  are  also  lererseid  Ao  each  other. 

Between  the  third  quarter  and  change,  the  moon  is  fro* 

Siently  visible  in  the  forenoon,  even  when  the  sun  shines;  and 
en  she  aifoids  us  an  cqpportunitj  of  trjinir  an  amuring  expert 
meat,  if  we  can  find  a  globular  stone  above  the  level  ot  the 
ejre,  as  suppose  on  the  tc^  of  a  gate.  For  if  the  sun  shine  on 
the  stcMie,  and  we  place  ourselves  so  that  the  upper  part  vi  the 
slone  may  just  seem  io  touch  the  point  of  the  moon's  lowermost 
horn,  we  shall  then  see  the  enlightened  part  of  the  stone  exsctlj 
of  the  same  shape  with  the  moon,  homed  as  she  is,  and  inclined 
the  same  way  to  the  horiion.  The  reason  is  plain;  for  Ihe  sun 
oilifrhtens  the  stone  the  same  way  that  he  does  the  moon;  and 
both  being  globes,  when  we  put  ourselves  into  the  above  sitnn* 
tion,  the  moon  and  the  stone  have  the  same  position  to  our 
^es,  and  therefore  we  can  see  no  more  of  the  iUominated  side 
of  the  one  than  of  the  other. 

The  position  of  the  moon*s  cusps,  or  a  right  line  touching 
the  points  of  her  horns,  is  very  differently  inclined  to  the 
horiflon,  at  dillerent  hoon  of  the  same  days  of  her  age.  Soom* 
times  this  line  is  perpendicolar  to  the  horizon ;  whoi  this  happens, 
she  is  in  what  astronomers  call  the  itowiyfifmn/  depre^  whidi 
id  the  highest  point  of  the  ecliptic  above  the  boriion  at  tint 
time,  and  is  90  dq^rees  from  both  sides  of  the  horiaoo  where  it 
is  then  cut  by  the  ecliptic.  But  this  never  happens  when  the 
moon  \%  on  the  meridian,  except  when  she  b  at  tae  very  faqgin* 
ning  of  Cancer  or  Capricorn. 

It  is  apparent  to  the  naked  eye,  that  the  suifiioe  of  the 
is  irregtdar,  from  the  difierent  shades  of  colour  whi^  it 
bits;  and  when  viewed  through  a  good  telescope,  it  appeaia 
(Uvenified  with  evtry  variety  of  hill  and  dale.  In  every 
situation  of  the  moon,  the  elevated  parts  of  her  sofftce  cnH  m 
shadow  on  the  adjoining  lower  parts  in  the  direction  from  the 
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san,  and  the  eaTities  are  always  dark  on  the  side  next  the  sun. 
The  darker  parts  were  at  one  time  very  generally  believed  to  be 
water,  but  it  is  now  as  generally  admitt^  that  they  are  cavities, 
and  that  the  disc  of  the  moon  is  such  as  onr  earth  would 
have  to  her  inhabitants,  if  the  ocean  was  dried  up.  The 
heights  of  the  lunar  mountains  were  formerly  supposed  to  be 
much  greater  than  those  of  the  earth ;  but  Dr.  llerschel  has 
demonstrated  that  very  few  are  more  than  half  a  mile  high, 
and  the  hiffhest  little  more  than  a  mile.  Before  or  after  the 
moon  is  at  full,  the  boundary  of  the  light  and  dark  part  of  the 
side  presented  to  us,  in  consequence  of  the  multiplicity  of 
her  caverns  and  mountains,  appears  exceedingly  jageed  or 
uneven;  while,  contrary  to  what  we  should  expect,  the  real 
boundary  of  her  disc,  or  the  boundary  between  the  hemisphere 
which  we  see,  and  that  which  is  turned  away  from  us,  appears 
smooth  and  well  defined,  though  examined  with  a  considerable 
magnifying  power.  In  explanation  of  this  difficulty,  it  has 
been  observed,  that  as  all  the  parts  adjoining  to  the  real  boun« 
dary  or  edge  of  the  moon  are  full  of  irregularities,  the  eleva** 
tions  of  some  parts  may  stand  before  the  hollows  of  others,  so 
as  to  form  upon  the  whole,  the  appearance  of  a  smooth  surface, 
and  perhaps  the  atmosphere  of  the  moon  may  likewise  contri- 
bute to  this  appearance. 

The  raggedness  of  the  moon's  snrfaoe  adds  greatly  to  her 
utility  as  an  attendant  of  the  earth ;  for  if  her  disc  were  free 
from  aU  asperities,  or  covered  with  water,  her  light  would  only 
in  certain  situations  show  us  the  image  of  the  sun,  apparently 
nothing  more  than  a  brilliant  point  But  her  inequalities 
soattermg  the  light  on  every  side,  her  disc  becomes  entirely 
resplendent. 

Bright  specks  have  been  observed  on  the  dark  parts  of  the 
moon's  disc,  and  so  far  from  the  illuminated  poition  as  not  to 
depend  on  the  svn's  rayi.  These  spots,  after  a  ceitain  time 
become  extinct,  and  they  have  been  supposed  to  be  volcanoes* 
Dr.  HeffKsbel,  in  1787,  saw  three  of  these  volcanoes  at  onoe  in 
the  dark  part  of  the  moon;  two  of  them  were  barely  visible; 
but  the  third  was  asore  vivid,  and  exhibited  an  elongation  like 
an  eruption  or  lava  of  luminous  matter,  resembling;  a  small 
piece  of  burning  charcoal,  covered  by  a  very  thm  coat  o£ 
ashes.  If  votcanoes  or  fire  exist  in  the  meon,  it  seems  reason- 
able to  conclude,  that  the  moon  has  an  atmosphere,  and  that  this 
b  the  ease,  there  is  good  reason  to  believt,  though  it  has  been 
mmck  controverted,  and  even  denied  till  ktdy.  Some  astrono- 
mers think  that  they  can  attribute  the  variable  brightness  of  the 
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laaaa,  at  oerUin  time^,  to  no  otbcr  cMnst^  than  the  YaraMe 
alale  of  ha  atmosphoe,  inoie  or  Ics  loaded  with  vapoafs. 
Cosnni  obeertcd,    that  Satnm,  JafNtrr,  and  the  fixed  stars, 
bad  their  circular  fkmrrs  changed  ialo  elliptical  ones,  when 
they  approadjed  either  the  dark  or  the  illomiaaled  ed|re  of  the 
moon ;  and  to  these  indications  of  a  lunar  ataM»phcre,  Schroeter 
adds  the  following ;  (hat  the  two  cnsps  or  apexes  of  the  Inmi- 
horns,  in  a  new  moon,  appear  tapcrii^  in  a  very  sharp 
im:nt  pfoloogaiion.      He  also  observed  that,  when  once 
Jnpilcr  came  very  near  the  moon,  two  of  his  sateOiles  appcnnd 
JB&tinct  for  a  fthoit  time  before  they  went  qaile  behind  the 
body  of  the  moon.    If  the  moon  have  really  an  atmosphere, 
stiO  we  nefd  not  be  surprised  at  (he  diflicnity  with  which  it  is 
distinguished,  far  it  probably  b  extremely  attennaied ;  Laplace 
indeed  calculates  that  it  mnst  be  more  rare  than  what  we  call  the 
yacunm  of  our  best  air-pumps. 

Excepting  the  occasional  changes  attributed  (o  the  Tolcanoes 
and  to  the  atmosphere  of  the  mocm,  the  general  appearance  of 
this  luminarr  is  constantly  the  same;  and  tdangraphio^  or 
maps  of  the  feuse  of  the  moon  have  frequently  been  published; 
the  most  remarkable  spots  in  these  maps,  have  been  aometimes 
distinguished  by  the  names  of  pbces  on  the  earth,  but  moslly 
by  the  names  of  eminent  persons,  as  Plato,  Archimedes,  ftc* 
llie  most  accurate  transcri^  of  the  moon's  disc  is  perhaps  that 
executed  by  John  Russel,  R.  A. 

The  moon  has  scarcely  any  diflfercnce  6i  seasons,  her  axia 
bring  almost  perpendicubr  to  the  ecliptic  What  is  very 
sioguhr,  one  half  of  her  has  no  darkness  at  all ;  the  eaitfi  con« 
stantly  i^ording  it  a  strong  light  in  the  sun's  absence;  while 
the  <^er  half  has  a  fortnight's  darkness  and  a  fortnight's  l^t 
by  turns.  The  earth,  as  before  observed,  acting  as  a  moon  (o 
the  moon,  will  from  her  be  seen  to  wax  and  wane  regularly,  but 
will  appear  about  13  tiroes  as  large,  and  aflbid  about  IS  times 
as  much  light  as  she  does  to  us. 

From  the  moon,  one  half  of  the  ear(h  is  never  seen ;  ftom  the 
middle  of  the  other  half  of  the  moon,  the  earth  is  always  seen 
over  head ;  turning  round  almost  SO  times  as  quickly  as  the 
moon  does.  From  the  circle  which  limits  our  view  of  (he 
moon,  only  one  half  of  the  earth's  side  next  her  is  seen ;  (bo 
other  half  being  hid  below  the  horixon  of  all  the  places  on  thai 

circle. 

As  the  earth  turns  round  its  axis,  the  several  continents, 
seas  and  islands,  appear  to  the  moon's  inhabitants  like  so  many 
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spots  of  diffeient  fonoos  and  brightness,  moYtng  over  its  surfiice; 
but  much  fainter  at  some  times  than  others,  as  our  clouds  cover 
them  or  leave  them.  By  these  spots,  the  lunarians  can  deter- 
mine  the  time  of  the  earth's  diurnal  raotioif,  iust  as  we  do  the 
motion  of  the  Sun ;  and  their  observations  will  at  the  same  time 
furnish  them  with  an  accurate  measure  of  time. 

The  moon's  atis  being  nearly  perpendicular  to  the  ecliptic, 
tlie  sun  never  removes  sensibly  from  her  equator;  and  the 
obliquity  of  her  orbit,  which  is  next  to  nothing  as  seen  from  the 
sun,  cannot  cause  the  sun  to  decline  sensibly  from  her  equator. 
Vet  her  inhabitants  are  not  destitute  of  means  for  ascerteining 
the  length  of  their  year,  though  their  method  and  ours  must 
differ.  We  can  know  the  len^h  of  our  year  by  the  return  of 
our  equinoxes;  but  the  lunarians,  having  always  equal  day 
and  night,  roust  have  recourse  to  another  method ;  and  we  may 
suppose,  they  measure  their  yeifr  by  observing  when  either  of 
the  poloB  of  our  earth  begins  to  be  enlightened,  and  the  other 
to  disappear,  which  is  always  at  our  equinoxes ;  they  being 
conveniently  situated  for  observing  great  tracts  of  land  about 
the  poles  of  our  earth,  which  are  entirely  unknown  to  us. 
Hence  we  conclude,  that  the  year  b  of  the  same  absolute 
length  both  to  the  earth  and  moon,  though  very  diflerent  as  to 
the  number  of  days;  we  having  365}  natural  days,  and  the 
lunarians  only  l§i^,  the  day  and  night  in  the  moon  being 
together  as  long  as  i9\  on  the  earth. 

The  lunar  rays  excite  no  perceptible  wanAth,  not  even 
when  concentrated  upon  a  thermometer,  by  the  Urgest  burning 
mirror  or  lens.  This  is  accounted  for  on  the  supposKion  ^ 
their  extreme  paucity,  so  that  we  are  unable  to  collect  a  suflB- 
cient  quantity  of  them  to  evidence  their  heating  effects.  The 
calculations  which  have  been  made  of  the  tenuity  of  the  moon's 
l^ht,  differ  so  widdpr  from  each  other  that  we  know  not  which 
(o  cirail;  some  having  asserted  that  it  is  ninety  thousand,  and 
others  tlwt  it  is  three  nundred  thousand  times  less  than  that  of 
eommoa  day^light.  But  all  calculations  founded  on  the 
supposed  fact  tlmt  the  reflected  light  and  heat  are  diminished  in 
equal  proportions,  are  probably  fallacious:  she  may  reflect 
little  or  no  heat,  yet  her  light  may  reach  us  in  a  far  greater 
proportion  than  has  yet  been  allowed. 

The  moon  has  not  received  more  attention  from  the  astrono- 
mer than  the  poet;  but  while  the  recondite  speculations  of  the 
one  please  but  few,  and  often  almost  bewilder  the  keenest 
understanding,  the  other  depicts  only  those  benignant  efieds 
which  every  eye  can  behold,  and  every  heart  enjov.  The 
foUowing  night-piece  from  Horner^  is  cpteemed  by  rope,  its 


r,  to  be  HDHouMl  is  Ike  oripiMi,  ad  k  «a  aot 
be  dewd  the  trilMtc  of  adwntka  u  in  EMPliih  drat: 


M4 

Tbeaexi  plnel  bcjMd  the  euth  im  tbe  .».  .j-», 
Ibn^  vboK  dbtaMX  fim  the  sn  ii  144,000,000  ef  wictf; 
Mid  who  icqoiRs  aeariy  687  d^ym  to  coipktc  Ui  aMnial 
RfoiotMMi*  The  cohNV  of  thk  phaet  k  a  dvk j  red,  aa 
appcanace  attiiboled  to  the  gnat  ih  mHj  of  his  atiMohwc^ 
which  pennits  oaly  the  led  i^s  to  he  icfcolfld  to  wk  F naa 
the  OKits  which  hare  hem  ofaKnad  mm  hb  dbc,  hii  ratatiaa  oa 
hk  azii  hai  beea  aemlaiard  to  he  perfmfd  ia  Mhaan^aS 
— ■■■tii^j  82  wrcamik,  aad  the  airnaatioa  of  hii  u»  lo  his 
orbit  'uSd''2X.  Hk  cqntonal  kto  hk  polar dkaKAer as  I« 
U^  15,  aad  hk  bmwi  diaaeler  k  4189  mOn. 

liuB  k  aoi  Mlgect  to  the  suk  liaiitatioa  ia  hk  laolioD  as 
Meicaiy or  Venas,  bat  appeMS  ■—■  ihm  ■  wy  acar  the  saa,  and 
at  other  times  at  a  great  diatanee  fraa  his ;  samftiaifs  rkaag 
when  the  saa  sets,  or  setting  whea  the  saa  riKS.  He  soaretiaws 
appeals  giblioas,  bat  never  horned,  like  the  aaaoa,  a  pnMif 
that  hk  orbit  iadades  that  of  the  caith,  and  that  he  shiass  by  a 
borrowed  l^t.  Whca  he  k  opposite  to  the  saa,  or  whca  wt 
see  him  on  the  meridian  at  midniieht,  he  k  mach  amse  hrilUaat 
than  m  another  sitoatioa,  bciag  fire  tiases  acarar  to  ns  thaa  al  a 
coniqactioB* 

Tbe  saa  aflbrds  to  Hars  only  afaoatathud  of  the  light  hs 
afiads  to  tbe  earth,  aad  it  has  therefore  been  thoagiit  sti^alar, 
that  he  has  not  yet  been  disoofcsed  to  have  a  moon ;  bat  jioAaps 
he  k  oampfnmtfri  for  thk  apparent  want,  and  the  l^t  he 
leoeives  amy  be  prokmged,  by  tbe  hc^t  aad  diaiitj  of  h« 
atmoopheie,  whidk  k  so  remarkable,  that  whan  he 
any  of  tbe  fixed  staia,  the^  chaniee  their  ootonr, 
aad  oAea  beeome  nearly  invisiUe^  thoagh  at 
finom  the  body  of  the  pfaHKt 
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Mars  appears  to  move  from  west  to  east  round  the  eartb,  but 
his  apparent  motion  is  very  unequal.  When  we  first  perceive 
him  in  tbe  morning,  separating  from  the  sun,  his  motion  is  the 
most  rapid ;  but  this  rapidity  diminishes  eraduallv,  and  ceases 
altogether  when  the  planet  is  about  137^  distant  from  the  sun ; 
then  his  retrograde  motion  oommencesi  and  increases  in  rapidity 
till  he  comes  into  opposition  with  the  sun.  It  then  graauall^ 
diminishes  again,  till  tbe  planet  is  within  JS7^  of  the  sun ;  it 
then  becomes  direct,  till  at  last  the  planet  is  lost  for  a  time  in 
the  evening  rays  of  that  luminary.  As  his  distance  from  us  is 
so  dafierent  at  different  times,  so  is  his  apparent  diameter,  which 
at  a  mean  is  87'',  but  when  in  opposition,  his  apparent  diame- 
ter is  81". 

Besides  the  dark  spots,  which  serve  to  determine  the  diurnal 
revolution  of  Mars,  several  early  astronomers  took  notice  that 
a  amnent  of  his  ^lobe  about  the  south  pole  exceeded  the  rest  of 
Us  disc  se  much  in  brightness,  as  to  ajppear  as  if  it  were  the  seg- 
■lent  of  a  larger  globe.  Maraldi  informs  us,  that  this  bright 
spot  had  becQ  taken  notice  of  for  sixty  years,  and  was  more 
permanent  than  the  other  spots  on  the  planet.  One  part  of  it 
■  brighter  than  th^  rest,  and  the  least  bright  part  is  subject  to 
great  changes,  and  has  sometimes  disappeared.  A  similar 
Driffhtnen  about  the  north  pole  was  also  sometimes  observed, 
and  these  observations  are  now  confirmed  by  Dr.  Herschd^  who 
has  viewed  the  planet  with  much  better  instruments,  and  much 
higher  magnifying  powers  than  any  other  astronomer.  '^  The 
analogy,'*  says  the  Doctor,  ^^  between  Mars  and  the  earth,  is 
by  far  the  greatest  in  the  whole  solar  system.  Their  diurnal 
motion  is  nearly  the  same;  the  obliquity  of  their  respective 
ecliptics  not  very  diflbrent.  Of  all  tne  superior  planets,  the 
distanoe  of  Mara  from  the  sun  is  by  far  tbe  nearest  alike  to  that 
of  the  earth ;  nor  will  the  length  of  the  Martial  year  appear 
very  diffinrent  from  what  we  enjoy,  when  compared  to  the  sur- 

Erisinff  duration  of  the  years  of  Jupiter,  saturn,  and  tbe 
eorgiom  Sidus.  If  then  we  find  that  the  globe  we  inhabit 
has  ttt  p<dar  region  froien  and  covered  with  mountains  of  ice 
and  mow,  that  onlv  partly  melt  when  alternatelv  exposed  to 
tbe  son,  I  may  well  be  permitted  to  surmise,  that  the  same 
causes  may  probably  have  the  same  eflect  on  tbe  elobe  of  Mars ; 
tlwl  tbe  briffht  pohir  spots  are  owine  to  tbe  vivid  reflection  of 
light  from  troaen  i^ions,  and  that  the  reduction  of  those  spots 
it  to  be  ascribed  to  tbdr  being  exposed  to  the  sun.  In  the  year 
1781,  the  south  polar  spot  was  extremely  large,  which  we 
might  weH  expect,  as  that  pole  had  but  lately  bosn  involved  in 
a  whole  twelvemootl's  darkness  and  absence  from  the  sua ;  bul 
94.  Vol.  I.  4  B 
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B  1783,  I  CMiDd  k  conickfBblj  smBer  tkaa  befofe,  wmI  it 
drcicaaed  roiit'umllj  from  the  20lh  of  Bfaj,  till  aboot  the 
ot  Scpicflibcr,  when  k  «nned  to  be  at  m  8taad.  DoiiBi^ 
lasit  prrif^  the  sooth  poir  had  alrcadj  beeo  aboTe  e%hl 
BiOBlhft  cnjo^ine  the  beneit  of  sonmwr,  aod  itill  cootiaoed  to 
■rcriTe  th^  uia-beaaiSy  thoo|th,  towank  the  bller  cad,  ia  soch 
an  obliqoe  dirrctkm  aa  lo  br  bat  little  bgnefted  bj  them*  Oa 
tbeolbn^  hand,  io  the  year  JTSI,  the  aorth  pohv  spot,  which 
had  bifeo  it*  taelvenkoi^  ia  the  saadiine,  and  waa  bat  lately 
aetomia^  iatodarfcors^  appealed  Moall,  thoagh  aadoabtcdljr 
iacica»iaj^  ia  bizr.  Ita  not  beiafr  visible  in  the  j€ar  1783,  is  no 
objection  to  these  phcnontfna,  beia^  owin^  to  the  poaition  of 
the  aziSy  by  which  it  waa  lemoved  oat  of  si^t.** 


Vaim. 
This  snudl  plaaet  was  disoovcied  by  a  pnpQ  of  Dr.  Olben, 
of  Bremen,  on  the  S9th  of  March,  1807.  Its  diaiirr  b  aboni 
238  miles.  lu  distance  from  the  son  is  alaiost  215,000^000  of 
miles,  and  its  annnal  reyolation  round  the  son  is  perfonned  in 
1335  days.  The  inclination  of  its  orbit  to  the  ecliptic  is  7^. 
examined  by  Dr.  Herschei,  with  an  excellent  fifteen  feet 
reflector,  and  a  power  of  300,  it  exhibited  no  appeaiance  of  a 
disc,  but  appeared  like  a  fined  star  of  the  sixth  magnitade; 
that  is,  it  was  nearly  a  point,  with  aa  intense  radiitin^  ^g^ 
When  the  sky  was  clear^  k  might  be  discerned  with  the  naked 
eye. 

•/Mm* 
This  is  another  small  planet,  which  was  discofeied  by 
Harding,  of  Lilienthal,  on  the  1st  of  September,  1803.  Its 
diameter  is  1425  miles,  its  distaace  from  the  son  213^000,000  of 
miles;  and  its  annual  period  1590  days.  The  inflinaliftn  of  its 
orbit  to  the  ecliptic  is  14^. 

Cerer  f erdbwadba. 
This  planet  was  discovered,  on  the  1st  of  Janaary,  1801, 
by  Piazzi,  an  Italian  astronomer,    whose  name  it  nat.aaAo> 
quently  receives.   Its  distance  from  the  sun  is  nearly  263,000,000 
of  miles.    Its  diameter  is  only  about  163  miles.     The  time  of 
its  diurnal  motion  is  unknown ;  but  its  annnal  sideieal  levola* 
tion  is  calculated  by  Laplace,  to  be  performed  in  1681  days, 
17  hours,  57  seconds.     The  inclination  of  its  orbit  to  the  ecilptio 
is  aiiout  1 1^"  48'.     It  appeared  io  Henchel  of  a raddy  cqloar» 
but  not  very  deep;  and  ne  is  of  opinion  that  it  has  an.  aimo** 
sphere.     Its  disc  seUom   appears   well  defiaedi  nppaiaallif 
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because  a  very  sligbl  deforce  of  an  unfavoarable  state  in  our 
atmosphere^  for  viewing  it,  aflects  its  feeble  lijght. 

Pallas. 

This  planet  was  discovered  by  Dr.  Olbers,  of  Bremen,  on 
the  28th  of  March,  180S.  Its  distance  from  the  snn  is  nearly 
864,000,000  miles ;  its  siderrul  period  is  1681  days,  17  hours, 
57  seconds;  and  its  diameter  is  only  80  miles,  so  thnt  it  is  the 
smallest  known  planet  of  tbeSolar  System.  The  inclination  of  its 
orbit  to  the  ecliptic  amoants  to  about  S8^.  It  is  of  a  dusky 
whitish  colour,  and  appears  very  indistinct  with  a  power  of  500, 
unless  the  atmosphere  be  remarkably  clear. 

Dr.  Olbers  received  from  the  French  National  Institute, 
Ijdande's  prite  of  10,000  francs  (£417,)  a  sum  appropriated  to 
the  person  whose  labours  mobt  contiibuted  to  the  promotion  of 
astronomical  knowledge,  in  the  year  of  its  discovery. 

The  orbits  of  the  Ceres  Ferdinandea  and  Pallas  would  have 
been  most  properly  represented  in  the  plate  of  the  Solar  System, 
by  circles  of  nearly  equal  size,  but  with  their  centres  a  little  on 
opposite  sides  of  that  of  the  sun. 

Soon  after  the  Ceres  Ferdinandea  and  Pallas  had  been 
discovered.  Dr.  Herscbel  published  some  observations  upon 
them ;  and  taking  into  consideration  tlieir  great  deviation  from 
the  lodtae,  er  track  of  the  planets  previously  known,  he 
observed,  that  if  they  were  admitted  into  the  order  of  planets, 
we  must  give  up  the  zodiac;  for  bv  extending  it  to  them, 
should  a  iew  more  be  discovered,  still  farther  deviating  from 
the  path  of  the  earth,  we  might  soon  be  obliged  to  convert  the 
whole  firmament  into  a  zodiac,  that  is,  we  should  have  none  at 
all.  Hence  he  proposed  the  name  of  aHfroidsj  for  planetary 
bodies  of  the  descriptiou  in  question ;  and  made  the  definition 
of  that  term  so  comprehensive,  as  to  include  all  that  were 
likely  to  be  discovered :  and  he  distinctly  stated  his  belief  that 
nore  planetary  bodies  deviating  from  the  zodiac  would  be  dis* 
covered ;  a  conjedura  which  was  realized  in  a  short  time  by  the 
discovery  of  the  Juno  and  Vesta.  Dr.  Thompson,  in  his  His- 
tofj  of  the  Royal  Society,  of  which  society  Dr.  lierschel  is  an 
illnstriout  member,  intimates  his  dinpprobation  of  the  term 
asteroids,  observing  that  he  can  see  no  reason  whv  the  f»tars  it  is 
intended  to  designate  ought  not  be  called  planets,  unless  it  were 
to  prevent  their  discoverers  from  ranking  so  high  as  the 
discoverer  of  the  Georgium  Sidus.  This  insinuation  appears  too 
gratuitous  to  be  considered  either  senerous  or  ju»t. 

At  page  59S,  the  asteroids  ought  to  have  been  enumerated 
is  the  oiocr  above  adopted. 
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JmpiUr.  % 
iwfii^  B  the  higcil  of  aU  Uk  pbiKJaiy  bodies,  mad 
to  Fans,  sqipears  torn  the bfigklBift.  Hkpiod^gHMS  '~ 
vhkh  a  490,000,000  of  Miks  Crmi  thesn,  » the  RMMi  of  his 
appafcnt  wot  haag  las  than  thsi  of  Yaam^  thoi^  his  md 
matffAndc  is  aboie  1500  tisses  gicatcr,  his  Ammriwr  bciap 
89,]70iBiles.  The  length  of  his  jcw  a  43»  dsjs,  14hom, 
39  ■unutes,  2  srconfh  His  diuinl  lolatioB  is  puiui—d  ia 
the  shoft  spMX  of  9  hoBs,  53  ■unrilcs,  37  sccMds.  This 
rotatioa  is  so  ■■■ringly  npid,  thai  it  carries  his  eqaaiorial 
inhaiNtams  28,800  mihsemy  how,  which  is  iMMly  4000  aiks 
moie  than  the  iahabilaals  of  oar  caith's  eqaalar  aie  carrisd  by 
the  sasse  motioii  in  24  hows,  and  aloMMtt  eqaak  the  hoariy 
advaaoe  in  his  orliiL  The  leaarfcaUe  spo4,  by  the  ssolion  oif 
which  Jopitrr's  raiation  on  his  axis  was  delcnnined,  appealed 
in  1091,  and  was  hat  tiU  the  year  1708,  when  it  le  sfaMaed, 
on  the  same  part  of  his  hacj  and  has  been  oocaabnnily 


From  Che  greater  rapidiiy  of  his  dinmal  rotation,  his  fignie 
is  that  of  a  mnch  iaU^  oblate  spheroid  than  the  earth.  Us 
eqnalorial  being  to  Us  polar  diameter  as  13  to  12,  a  proportion 
which  makes  Uie  fonaer  measnre  6000  miles  nmre  than  the 
latter.  His  axis  is  very  nearly  perpendionlar  to  the  plane  of 
his  orbit,  so  that  his  inlmbitants  lave  no  perceptible  chai^  of 
seasons.  If  Us  axis  had  been  inclined  any  oonMiemblenttmber 
of  degaees,  jort  so  many  dmrem  ronnd  each  |Mile  woald  alter* 
nately  be  involved  in  darkness  for  almost  six  of  our  yearn 
together;  and  as  each  dcmee  of  a  great  ciieie  of  Japiler  con* 
tains  at  the  lemt  800  of  onr  miles,  the  tmols  of  land  tbns 
deprived  of  the  son,  would  be  immense.  The  snn  appears  to 
him  only  a  fifth  of  the  site  he  does  to  ns,  and  nts  light 
and  heat  are  only  a  twenty*fiflh  of  onrs.  Bnl  his  night  is  on 
no  part  of  his  snr£use  five  hoars  long;  at  his  polar  r^ions,  the 
son  never  sets;  be  enjoys  a  perpetual  spring,  and  he  has  the 
splendid  attendance  of  four  moons,  one  or  more  of  which  aie 
always  visible  to  enliven  his  short  night.  It  is  enqr,  from  all 
Iheae  circumstances,  io  conceive,  that  this  spacious  orb  nsay  be 
the  residence  of  a  race  of  beings  very  little  ^■frimiinr  to 
ourselvef. 

When  Jupiter  is  viewed  through  a  good  telescope  we  per* 
oeive  a  number  of  zones  or  belts,  of  a  darker  oolonr  than  the 
rest  of  bis  disc  They  are  generally  parallel  to  his  eqMlor, 
which  is  very  nearly  paidlel  to  the  ecliptic,  bat  in  other 
le^iects  are  subject  io  great  variation*    SoinElimfli  only 


J 
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can  be  perceived,  at  olher  limeB  eight.    Tbej  are  someiiraes  not 

Grallel  to  one  another,  and  their  breadth  is  very  variable,  one 
it  having  been  observed  to  grow  narrow,  while  another  in  iU 
neighbourhood  has  increased  in  breadth,  as  if  the  one  had 
flowed  into  the  other;  and  in  this  case  Dr.  Long  observes,  that 
a  part  of  an  oblique  belt  lay  between  them,  as  if  to  form  a 
communication  for  this  purpose.  The  time  of  their  continuance 
is  very  uncertain ;  sometimes  remaining  unchanged  for  three 
months ;  at  others,  new  belts  have  been  formed  in  an  hour  or 
two.  The  continuity  of  the  belts  is  sometimes  interrupted,  sa 
as  to  give  them  a  broken  appearance.  The  spots  and  belts  seen 
on  the  7th  of  April,  179S,  are  represented  by  fig.  5,  pi.  IU« 
The  belts  and  spots  are  considereoto  be  the  bodv  of  the  planet, 
and  the  light  parts  the  douds,  transported  by  the  winds  with 
diffinrent  velocities,  and  in  difierent  directions. 

The  four  satellites  of  Jupiter  are  distinguished  by  their 
situation,  that  being  called  the  first  which  is  nearest  to  its 
primary.    Their  periods  and  distances  are  as  follows: 

Dsy.     h.     in.      ••  Milet. 

Ist  satellite  revolves  in  1  18  27    33  at  the  distance  of  259,170 

2nd    „            „           3  13  13   42              „              412,358 

3rd    „            „           7  3  42   S3              „              657,735 

4th     „           ,,         16  16  32.  8              „           1,156,640 

These  satellites  move  round  Jupiter  from  west  to  east,  and 
their  orbits  are  all  supposed  io  be  ellipses,  though  the  eccentri- 
city of  all  of  them  is  too  small  to  be  measured,  except  that  of 
the  fourth ;  and  even  this  amounts  to  no  more  than  0.007  of  its 
mean  distance  from  the  primary.  The  motions  of  the  first 
three  satellites,  it  has  been  observed,  are  related  to  each  other 
by  a  most  singular  analogy.  The  mean  sidereal  or  synodical 
motion  of  the  first,  added  to  twice  that  of  the  third,  is  con- 
stantly equal  to  three  times  the  mean  motion  of  the  second. 
And  the  meau  sidereal  or  synodical  long^itude  of  the  first,  minus 
three  times  that  of  the  second,  plus  twice  that  of  the  third,  is 
always  equal  to  two  right  angles. 

W  hen  the  satellites  fall  into  the  shadow  of  the  primaiy,  we 
lose  sight  of  them  for  a  time,  and  they  are  said  to  be  eclipsed. 
The  three  nearest  are  eclipsed  every  revolution ;  but  the  orbit  of 
the  fourth  is  so  much  inclined,  that  it  passes  by  its  oppoiition  to 
Jupiter,  widiout  falling  into  his  shadow,  two  years  in  six. 
From  the  singular  analogy,  above  alluded  to^  it  follows  that 
(for  a  gmt  number  of  years  at  least)  the  firrt  three  satellites 
cannot  be  eclipsed  at  the  yme  time:  for  in  the  simnUaaeoui 


558  AsntoKOMT. 


crlipMS  of  the  sroood  and  tbird,  the  fiist  win  always  be  in 
janclHMi  with  JapHer,  and  tirr  versa.  By  these  cclipicsi  has 
been  discovered  the  velocitjr  of  light,  (sec  Optics,)  and  thef 
serve  a  still  more  important  pnrpocr,  that  of  ddarnummr  the 
longitude  of  places  on  the  earth,  with  great  facility  and  cer- 
tainty. The  longitnde  of  a  place  is  its  distance  east  or  weii 
from  another,  reckoned  in  degrees  of  the  equator,  and  it  can 
always  he  ascertained  with  certainty,  proviaed  we  know  the 
time  a€  thephoe  from  which  we  reckon,  as  weH  as  that  of  the 
phice  where  we  make  the  observation.  Since  by  the  motion  of 
the  earth  round  its  axiff,  every  point  on  its  snrfiuse  describes  the 
ciicnmference  of  a  circle,  or  360^,  in  twenty*four  hoars,  it 
must  con«eqnently  describe  15^  in  one  boor,  becsnsc  15  is  a 
S4th  part  of  960.  Hence  the  difltrence  of  longitude  may  be 
converted  into  time,  by  allowing  one  hoar  for  every  15*,  and 
proportionately  for  minutes  ann  seconds;  or  conver^y,  witb 
equal  ease,  difference  of  time  may  be  converted  into  loi^Qde. 
Voyagers,  therefore,  if  provided  with  a  faultless  timekeeper, 
set  at  their  departure  eiactiy  to  the  time  of  the  place  from 
which  they  sailed,  miy  at  any  time  ascertain  their  longitnde, 
or  distance  east  or  wi-st  from  that  place,  with  great  factlitj. 
Timekeepers  are,  hc»wfver,  subject  to  so  many  causes  of  im* 
pericction,  that  they  cannot  be  depended  on,  for  any  length  of 
time;  but  as  the  eclipses  of  Jupiter's  satellites  ate  more  nuai^ 
rous  than  the  days  of  the  year,  and  Jupiter  can  be  seen  for 
eleven  months  in  the  year,  and  as  there  is  generaffy  one,  and 
often  two  or  three  in  one  night,  the  observ2tion  of  them  may 
be  made  to  answer  the  same  purpose  as  a  timekeeper.  For 
example,  the  exact  times  at  which  the  eclipses  of  Jupiter's 
satellites  will  occur,  at  the  meridian  of  Greenwich,  are  given 
for  several  years  to  come,  in  the  nautical  ephemeris;  let  a  person 
then  at  any  distance  east  or  west  from  (rreenwicb,  notice  the 
eclipse  of  a  satellite,  and  compare  it  with  the  time  given  for  the 
same  eclipse  in  his  tables ;  he  then  perceives  at  once  the  difliB^ 
fence  of  time  and  consequently  his  longitude.  To  cliservethese 
eclipses  with  precision,  does  not  require  a  telescope  <rf*  great 
power:  but  the  principal  disadvantage  of  the  plan  at  saa  arises 
from  the  motion  of  the  ship. 

Saium.  ^ 
Saturn  is  next  to  Jupiter  in  order  from  the  sun,  aad  the 
next  to  that  planet  in  magnitude.  His  distance  from  the  suo 
is  900  millions  €A  miles,  and  therefore  we  may  readily  acooont 
for  the  pahmess  and  feebleness  of  the  li^bt  he  reflect  to  us,  and 
that  he  can  hardly  be  distinguishid  from  a  fixed  star  by  the 
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nak^  eye.  His  diameter  is  79,042  miles,  and  he  employs 
10,746  days,  19  hours,  16  minutes,  15  seconds,  in  revolving 
once  round  the  sun,  so  that  the  kngth  of  his  year  is  almost 
thirty  of  ours.  His  diurnal  rotation  is  believed  to  be  uerformed 
in  10  hours,  16  minutes,  S  seconds;  but  the  spots,  the  motion 
of  which  determine  this  point,  are  not  well  defined.  The 
inclination  of  bis  orbit  to  the  ecliptic  is  about  Sf  decrees ;  but 
the  inclination  of  his  axis  to  his  orbit  is  supposed  to  be  60®. 

Saturn,  when  viewed  through  a  good  telescope,  makes  a 
more  remarkable  appeairance  than  any  of  the  other  planets. 
He  has  belts,  somewhat  like  those  of  Jupiter,  though  fainter ; 
but  his  distin^ubhing  characterbtic  is  a  broady  double,  h»mi* 
nous  ring,  entirely  surrounding  him.  The  appearance  of  th« 
planet  through  a  good  telescope,  is  shown  by  fig.  6,  pi.  III. 
xhe  ring  is  detached  from  bis  body  in  sucn  a  manner,  that 
the  distance  between  the  innermost  part  of  the  ring  and  the 
body  of  the  planet  is  equal  to  its  breadth.  Both  the  outward 
and  inward  rim  of  the  ring  is  projected  into  an  eiKpMs,  more 
or  less  obking,  according  to  the  different  degrees  or  obliquity 
with  which  it  is  viewed.  Sometimes  our  eye  is  in  the  plane  of 
the  ring,  and  then  it  becomes  invisible  even  when  soui^ht  for 
with  very  ^ood  telescopes,  probably  because  it  is  in  that  post- 
tion  too  thin  to  subtend  a  sufficieRt  angle,  at  such  a  distamoe. 
But  sometimes  it  may  be  detected  with  a  telescope  of  peculiar 
excellence,  and  a  favourable  night,  and  it  then  appears  like 
a  very  slender  ray  of  light  across  the  disc  of  the  planet.  As 
the  plane  of  this  ring  is  always  parallel  to  itself,  that  is,  its 
situation  in  one  part  of  the  orbit  is  always  parallel  to  that  in 
any  other  part,  it  disappears  about  every  15  years,  or  twice  in 
every  revolution  of  the  planet,  which  sometimes  appears  quite 
round  for  nine  months  together.  At  other  times,  the  distance 
between  the  body  of  the  planet  and  the  ring  b  very  perceptible, 
80  that  stars  may  be  seen  through  it. 

When  Saturn  appears  round,  if  our  eye  be  elevated  above 
the  plane  of  the  ring,  a  shadowy  belt  will  be  vbible,  caused  by 
the  shadow  of  the  ring,  as  well  as  by  the  interposition  of  part 
of  it  between  the  eye  and  the  planet.  The  shadow  of  the  ring 
is  broadest  when  the  sun  is  most  elevated,  but  its  obscure  parts 
appear  broadest  when  our  eye  b  most  elevated  above  the  plane 
of  it.  When  it  is  seen  double,  the  ring  next  the  body  of  the 
pbnet  appears  brightest.  W  hen  the  ring  appears  of  an  ellipti- 
cal form,  the  parts  about  the  ends  of  the  largest  axis  are  called 
the  onue*  These,  a  little  before  and  after  the  disappearing  of 
ibe  ringy  are  of  an  unequal  magnitude;  the  largoit  auM  is 
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kmf/Br  miMe  bflfoie  (he  pfauMl's  iraad  phaK,   and  appetn 
^in  woner  than  tlie  cither.    Hcncbd  danonsiiaies,  that  the 
ring  refohres  in  Ub  own  plane,  in  l(Hi.  3S  15.4".    This  phib* 
pher  hat  paki  great  attention  to  Saturn's  ring.    Accoidiiv  to 
ntmy  theie  is  one  tingle,  dark,  oonsideiaUj  broad  Uoe,  belt, 
or  lone^  which  he  has  constantly  found  on  the  north  side  of  (he 
ring.    As  this  dark  belt  is  subject  to  no  change  whatever,  it  is 
probaUj  owing  to  some  permanent  constmction  of  the  sarfiux 
of  the  riofi^:  this  constmction  cannot  be  owing  to  the  shadow  of 
a  chain  of  moontains,  since  li  is  yisibie  all  round  on  the  ring; 
for  there  couM  be  no  shade  at  the  ends  of  the  ring;  sod  a 
similar  argument  will  applj  against  the  opinion  of  very  extended 
caserns.    It  b  pretty  erident  that  this  dark  xone  is  contained 
between  two  concentric  circles,  for  all  the  phenomena  cone* 
spond  with  the  projection  of  snch  a  zone.     The  natitie  at  the 
nng  the  Doctor  thinks  no  le»  s<^d  than  that  of  the  planet 
itsdf,  and  it  is  obsenred,  as  abore  mentioned,  to  caat  a  strong 
shadow  on  the  pfamet.    The  light  of  the  ring  is  also  generally 
brighter  than  toat  of  the  planet,  for  the  ring  appears  sufficiently 
iMTight,  with  a  tdetcope  that  aflords  scarcely  light  enough  to  see 
Saturli.    He  concludes  that  the  edge  of  the  ring  is  not  flat,  but 

Iherical,  or  spheroidal.     The  dimensions  of  the  ring,  or  of 
B  two  rings  with  the  space  between  them,  he  estimates  as 
follows: 


Inner  diameter  of  the  smaller  ring 146,345 

Outside  diameter  of  ditto. 184,393 

Inner  diameter  of  the  larger  ring 190,848 

Outside  diameter  of  ditto 904,883 

Breadth  of  tbeinner  ring 80,000 

Breadth  of  the  enter  ring 7,900 

Breadth  of  the  vacant  space  or  dark  zone 8,830 

If  this  rinff  be  qpiqoe,  as  the  sun  shines  fifteen  yean  on  its 
north  side,  and  the  same  time  on  its  south  side,  it  will  hare 
equal  day  and  n^ht,  each  fifteen  ^ears  loof . 

The  swiftness  of  Saturn's  motion  on  his  axis  produoea  an 
oblate  figure ;  and  his  equatorial  diameter  is  oaleulaied  to  be  to 
Ills  polar  diameter,  as  11  to  10. 

The  sun  scarcely  affords  to  Saturn  an  eigfaticth  past  of  the 
direct  light  that  we  receive  from  him ;  but  £is  planet,  benidcs 
his  magnificent  ring,  is  accompanied  by  not  kss  than  asTen 
satellites,  which  revolve  round  hifn  lieyand  his.  ring.     Tha 
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periods  of  these  aatelliteB,  and  Ibeir  distances  fiom  tbeir  primaiyi 
are  as  follows : 

D.    h.      Bk      a.  Iffifet. 

1st  satellite  revolves  in  1  31  18  27  at  the  distance  of  170,000 

Snd  ,,  „  2  17  41  82  ,,  .  217,000 

Sd  ,,  ,,  4  12  25  12  .,  303,000 

4th  „  :„  15  22  41  13  ,,  704,000 

5th  „  ,,  79  7  48  0  ,.  205,000 

6tb  ^y  „  1  8  53  9  „  135,000 

7tb  ,y  „  0  28  40  46  ,,  107,000 

The  satellites  of  Jupiter,  we  have  observed,  are  enumerated 
and  distinguished  in  a  r^ular  manner,  beginning  at  the  one 
nearest  the  primary ;  so  tnat  the  second  satellite  is  the  second  in 
size  and  distance,  and  so  of  the  rest.  Thb,  it  appears  above, 
b  not  exactly  the  case  with  the  satellites  of  Saturn,  and  the 
reason  is,  that  the  first  five  satellites  were  discovered  in  1685  by 
Cassini  and  Huygens ;  no  more  were  supposed  to  exist,  an(| 
they  were  called  the  1st,  2nd,  Sd,  &c.  reckoning  from  the 
planet;  but,  about  a  century  afterwards,  Dr.  Herschel  discover- 
ed two  others,  which  were  smaller  and  nearer  to  the  planet; 
these  ought  therefore  to  have  been  called  the  first  and  second, 
and  the  numerical  oider  of  the  others  changed,  so  that  the  fifth 
would  have  beccnie  the  seventh.  But  to  avoid  the  confusion 
that  might  arise,  in  reading  astronomical  works,  written  previ* 
ous  to  the  Doctor's  difcovery,  the  anomaly  of  their  enumeratioa 
was  allowed,  and  they  are  constantly  reckoned  the  sixth  and 
seventh. 

The  inclinations  of  the  orbits  of  the  first,  second,  third, 
and  fouith  satellites,  to  the  ecliptic,  are  from  30®  to  31  ®.  That 
of  the  fifth,  is  from  17®  to  18®.  This  satellite  is  further  remark- 
able  for  being  the  only  one  of  the  solar  system,  except  our 
own,  that  has  been  observed  to  have  anv  spots.  From  these 
spots,  its  rotation  on  its  axis  has  been  determbed ;  and  it  is 
singular,  that,  like  the  moon,  it  revolves  round  its  axis  in  tho 
same  time  that  it  revolves  round  its  primary. 

The  satellites  of  Saturn  are  frequently  eclipsed,  and  these 
eclipses  would  be  of  the  same  use  as  those  of  Jupiter,  for  dis* 
covering  the  longitude  of  pLices  on  the  eirth,  but  tbeir  vast 
distance  renders  them  so  much  less  susceptible  of  mecmnta 
observation. 
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waica  OMIT  lamcaie  tae  coaanj  waere  lae  amoomxj  ww 
Bade;  aad  fiae^  phihiyhera,  whikthgr  wHKagiT  give  Ac 
hoaoar  to  oae  of  thcv  awaiepalAc,  aie  aot  djipuwrf  to  cive 
it  to  aaj  puticahr  kiag.  Galibo,  who  disooraed  the  mnit 
mdlila  or  Japiler,  cdled  f hen  MeMetm  jCorr,  ia  boMW  of 
the  fiuaOy  of  the  Medici,  his  patnm;  bat  the  tide  a  aow 
abMat  foff|rottea,  aad  aever  a»d. 

The  Hmdbel  is  35,1 »  miles  ia  dauaeler,  aad  perftnaftts 
aaaaal  levolotioa  ia  90,637  da js,  4  hoan,  that  a,  veiy  aevfj 
cighty-lbarof  oar  jean.  The  penod  of  ito  dauaal  ntatioo  has 
aot  bccB  delcnniocd.  Oa  a  clear  eveoing,  it  aaj  be  teen  bj  the 
aafced  eye,  ia  the  abseace  of  the  moon ;  when  viewed  through 
a  apod  tdeKope,  itaof  abtaidi  white  coloar,  aadiUdia:  is 
wHtdefiiKd.    Tk  liirfit  aad  hcai  which  it  receivm  direcay  fiom 

the  saa  is  about  the  9SSbA  pait  of  what  we  enjoy. 

When  the  discoverer  of  the  Hetschel  fint  observed  U,  he 
snpposed  it  Co  be  a  coaiet;  but  it  was  sooa  proved  to  be  a 
pbuet,  the  saspidoo  of  which  was  naturally  snncated  bv  ^ 
acaiaeM  to  the  ecliptic  It  had  always  beea  eoomeicd  a  nxed 
ilar,  on  aocoont  <»  the  sbwneas  of  its  motion ;  and  it  was  no 
aoooer  known  to  be  a  planet,  ttan  it  was  perceived  to  be  the 
ster  marited  34  in  Fhmsteed*s  catahigae,  and  964  ia  Meyer's. 
By  these  means,  astronomen  vrere  in  posmmion  of  a  whole  cea* 
tniy  of  observations  respecting  it* 

fit.  If erschet  had  the  singohr  merit  of  not  only  discovering 
tfusstartobeaphaet,  bot  of  disoovmng  aU  the  saldlitef  it  u 
sapposed  to  have,  and  which  are  six  m  number.  These  satel- 
liiescaaaotbeseeawithoatapowerfaltdesoope.  Theirperiodf 
of  levolntioa  laaad  their  primary,  aad  their  distaaita  ma  it^ 
areasfiiUows: 
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D.     h.      nu  Mil««. 

lat  sateUtte  revdvci  in  5  01  85,  «t  the  dktuice  of  830,SS4 

Sod     ,9           yy           8  18  0               91                898,hS8 

Sd       ,,            ,,          10  fS  4               ,,                S48,S98 

4Ui      ,,            „         IS  IS  0               .,                 399,434 

Mb      „           ,,         38  1  49               ,,                798,920 

6th      ,,           „       107  16  40               9,             1,597,736 

These  satellites  move  in  a  plane,  nearly  perpendictthr  to  tho 
plane  of  the  pkinefs  orbit,  and  contrary  to  the  «fder  of  the 
signs* 


The  following  Synopsb  of  the  planetary  system,  will  enable 
the  reader  to  compare  the  corresponding  circumstances  of  the 
planets  with  each  other,  and  to  refer  to  them  with  faoility  : 

DiHances  of  the  Planets  from  the  Sim,  that  of  the  Ear  A 

Mng  100. 
Mercury  .,. —•••.••«•...••—•..••—•,.••..      38 

Earth  ..^ ^ ^     100 

Mars  ^ IflO 

T  SSta  ••••••«••••«••»•»••••••»••••••••»•»••■••«•••••••••••••«  *  Vor 

weres  ••••••••••••.•••••••••••••.•••»••••••*••••••••••••••••••     mfw 

wQplwSF  •••••••••••••••••••••«•«•••■*«••*•••••••••«•«•••'•«•      W# 

Uarscnel  •••«••••••••»••••««••••»»••*••««•••«•••«••««•••«•«•«  lawi 


Diameter  of  the  Sun  and  Planeti  m  EiigHsh  nulet* 

Son   ^ 8ftS.«46 

Mereiry ^. .••—•••    d.tt4 

Tenos m..-..^..— .•...••••-    T,68f 

Bartb ...•    T,ilt 

Mooa  •••• .••—•- -    9- 180 

ssars  •••••••••••••••••••••••••••••••••••••••••••••••M*****    4«ioy 

Vesta ^^ ^ M§ 

Jqbo  •••«••••••••••••••••••••••••••••••••••••••••••••••••••     1,495 

Ceres  •/••.••••  ••.•••••••••••• ••«••••••••••        108 

Fblias .^ ^ 80 

wBpiter  •••••••••••••••••••••••«••••••••••••  ••M«*M««*«  99  I7U 
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Nambar of  fea per seeomitirm^  which  m  hemtmht^ 
faUMUumffaceoftachof  these  PtmSuT^ 


Jtoiatkm  of  ihe  PtauU  romni  thdr  axes. 

vOD    •■••••••••••••^•^•••••••••••••••••••M  %9  10  0  0 

V«ow..^..^..^..^..^..^..^ ..  0  93  91  O 

Eartk..^.... — •^..•. *^. —  0  94  0  0 

Mart  ••^•.-..••^••—^..^..^^.^.^  0  94  39  99 

•""Pwc  ••••••••••••••••••^•••••••••••M*  O  V  5S  5y 

0^(0  fv  ••••••••••••••••••••••••••••••M****  O  10  10  9 

$ftt«ni*8  Riof ••«.•—•«••.••..— .M..  0  10  39  is 
Moon.  aluoAdoQ 
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Retolutiom  of  the  Pkmeis  nmnd  the  Sun. 

D.  h.  m.  t. 

Mercury -..-        87  23  14  33 

Veoui   224  Ifl  41  27 

Etrth  365  5  48  40 

Mars 68fl  22  18  27 

Jupiter ^ 4,330  14  30      2 

Seturn 10,740  10  10  15 

Herschel  30,637  4  0      0 

Mooo  (roundthe  earth) 20  17  44      3 


Of  Comets. 

We  have  yet  io  mention  a  numerous  claia  of  bodies,  which 
frecjuently  appear  within  the  limits  of  the  planetary  orbits, 
Una  some  or  all  of  which  certainly  belong  to  the  solar  system. 
We  nllnde  to  comets,  respecting  the  nature,  number,  and  use 
of  which  the  opinions  of  philosophers  have  been  exceedingly 
diTided,  and  very  little  has  yet  oeen  determined  in  a  satisfac^ 
lory  manner,  nnfeas  it  be  the  manifest  truth,  that  they  are  not 
to  be  considered  as  formerly,  the  portentous  heralds  of  calami* 
liesfo  mankind.  They  are,  doubfless,  noble  parts  of  the  creation^ 
ttavefsing  their  appointed  course,  without  any  connexion 
with  'the  earth,  except  as  parts  of  the  saitie  whole ;  and  the 
appearanm  they  present  to  us  arise  only  from  peculiarities  of 
their  constitution,  indispeimble  probably  io  the  comforts  of 
their  inhabitants. 

The  carves  in  which  comets  move  are  generally  considered 
io  be  very  eccentric  ellipses,  so  that  comets  can  only  be  seen 
daring  their  vicinity  to  toe  sun,  and  are  invisible  to  ns  during 
the  greater  part  of  their  course.  Their  periodical  times  are 
to  very  long,  and  so  difBcalt  to  be  ascertained,  that  very  few 
of  them  have  been  observed  twice,  and  when  their  appearance 
agrees  with  the  time  foretold,  it  is  almost  impossible  to  identify 
them.  Their  appearance  is  very  diflerent.  Some  of  them 
resemble  a  6int  vapour;  othc-rs  have  a  perceptible  nucleus  or 
solid  part  in  the  middle.  When  tbev  approach  near  the  sun, 
they  put  forth  the  appearance  of  a  beard  or  tail  of  luminous 
matter,  which  is  dil&rently  denominated  according  to  their 
position.  When  the  comet  is  eastward  ot^  the  sun,  and  moves 
from  the  sun,  it  is  said  to  be  bearded^  because  the  luminous 
elongatiofl  goes  before  it.  When  the  comet  is  westwani  of  the 
Mn^  and  sets  after  him,  it  is  then  said  to  have  a  taiij  because 
the  iaminoos  eloncration  follows  it;  and  when  the  earth  happens 
to  be  directly  between  the  son  and  the  comet,  then  the  tram  of 
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light  b  so  mach  hidden  by  the  bodj  of  the  comet,  that  on^ 
a  little  of  it  can  be  seen  on  each  side  of  the  comet,  which  is 
therefore  said  to  have  a  coma  or  hah\y  appearance. 

The  mote  conspicuous  cornels  have  been  long  known  to  the 
ynlgar  under  the  appellation  of  blazing  sian;  but  many  of 
them  are  only  to  be  seen  by  (he  help  of  telescopes,  and  aie  only 
discovered  by  accident,  because  they  appear  and  disappear 
in  a  few  nights,  and  traverse  the  heavens  in  eveiy  diiectioa. 
The  actual  motion  of  some  of  them  is  from  east  to  west,  wbils 
others,  like  the  planets,  move  from  west  to  east.  Some  of  thcfli 
move  in  the  plane  of  the  ecliptic,  or  within  (he  zodiac ;  whilst 
othen  go  in  diflfeient  directions,  even  perpendicular  to  the 
ccliotic. 

Kepler  and  some  other  philosophers  were  of  opinion  thai 
comets  were  in  reality  nothing  more  than  a  congeries  of  vapoaiai 
or  exhalations  from  (be sun  and  planets;  bat  eir  Isaac  Newtoa 
proved  (he  absnrdUy  of  this  hypothesis,  by  showing  thai  ne 
vapours  or  exhalations  could  subsist  in  the  regions  where  they 
were  found  to  be  the  brightest ;  that  is,  very  near  the  aan*  The 
heat  of  the  sun  is  as  the  density  of  his  n^*s»  or  reciprooally  as 
the  squares  of  the  distances  of  places  from  the  sun.  There* 
fore,  as  the  distance  of  the  comet  of  1680,  in  its  perihflteai 
December  the  8th,  was  obaerved  to  be  to  the  distance  of  the 
earth  from  the  sun  nearljr  as  6  to  1000 ;  the  sonV  heat  at  the 
comet,  was  to  his  heat  with  us  at  midsummer  as  1,000,000  la 
36;  or  88,000  to  1.  Now  the  heat  of  boiling  water  is  little  aMm 
than  three  times  the  heat  of  our  dry  earth,  when  exposed  totha 
midsummer's  sun ;  assnming  then  the  heat  of  ved-hol  iroa  ta  be 
'  about  three  or  four  times  as  great  as  boiling  water,  Newtoa  aoa* 
eludes,  that  the  heat  of  the  dried  earth,  or  body  of  the  oobM 
in  its  perihelion,  most  be  nearly  9000  times  as  mat  as  that  of 
red-hot  iron.  He  computes,  that  a  gfebe  of  led-not  iioa,  of  the 
dimensions  of  our  earth,  would  scaimy  be  cool  in  50,000  yiM» 
If  then  the  comet  be  soppoeed  to  cool  100  times  as  fiut  as  led* 
hot  iron,  yet,  since  its  beat  wap  9000  times  greater,  aupppsiog 
its  magnitude  to  be  equal  to  thait  of  the  earth,  it  woyldf  aot  be 
cool  in  a  million  of  years.  Upon  the  whole,  theeefore^  he  ooa* 
eluded  that  the  comets  were  compact,  solid,  fixed  and  daiaUe 
bodies,  in  one  word,  a  kind  of  planets,  which  move  in  veV 
oblique  orbits,  every  aray  with  the  greatest  freedom ;  P^^^ 
ing  in  their  motions,  even  a^nst  the  coarse  and  diiectioa  « 
the  planets ;  that  their  tail  is  a  very  thin  vapour,  emiHod  hf 
the  head  or  nocleos  of  the  comet,  ignited  or  healed  by  the  saa } 
and  he  entertained  and  anaoonced  the  giaad  ideay  tkd  th^ 
might  re-appear  at  eveiy  levottttiao* 
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Pieqneiitty  a  nacleus  cannot  be  digoerned  ;  of  sixteen  comets 
ebserred  bj  Dr.  Heracbel,  foarteen  were  of  this  description ; 
and  the  other  two  had  only  a  verj  ill«defined  central  lieht^ 
which  perhaps  might  be  called  a  nocleos  bnt  not  a  disc,  it  is 
ibis  want  of  a  well-defined  disc  or  nucleus,  that  renders  many 
of  the  observations  on  cornels  uncertain. 

From  observations  of  the  comet  of  1680^  Sir  Isaac  NewtoQ 
feund,  that  the  vapoor  in  the  extremity  of  the  tail,  January 
85th,  began  to  ascend  from  the  head  before  December  1 1th,  and 
bad  thembre  spent  more  than  fovty-five  days  in  its  ascent ;  but 
Ihat  all  the  tail  which  appeared  December  10th,  ascended  ia 
the  space  of  those  two  days,  then  just  past  since  its  periheKcm. 
The  vapour,  therefore,  at  the  beginnin/^,  when  the  oomet  was 
near  the  sun,  ascended  with  a  prodigious  swiftness;  and  after* 
wards  continued  to  ascend  with  a  motion  retarded  by  the 
gmvily  of  its  particles,  and  by  that  ascent  increased  the  lengtli 
of  the  tail;  but  the  tail,  notwithstanding  its  lencth,  consisted 
almost  wholly  of  vapours,  which  had  ascended  from  the  time 
of  its  perihelion;  and  the  vapour  which  ascended  first,  and 
eoniposed  the  extreme  of  the  tail,  did  not  vanish  till  it  was  torn 
in  from  the  sun  to  be  illuminated  by  him,  and  from  us  to  be « 
visible.  Hence,  also,  the  tails  of  cometa  that  are  shorter,  do 
not  ascend  with  a  quick  and  continual  motion  from  the  head, 
and  then  presently  disappear;  but  are  permanent  columns  of 
vapours  and  exhalations,  gathered  from  the  bead,  by  a  very 
gentle  motion,  and  a  ^pneat  space  of  time;  which  yet,  by  parti* 
cspating  of  that  motion  of  their  heads  thev  had  at  the  oegii^ 
ning,  continue  easily  to  move  along  with  thrir  heads  through 
the  celestial  regions. 

The  ascent  of  the  vapours  from  a  comet,  will  be  promotei 
by  their  circular  motion  round  the  son,  and  will  endeavour  to 
veoede  from  the  sun,  as  smoke  recedes  from  a  fire,  and  there* 
foio  the  more  the  comets  advance  into  the  dense  atmosphere  of 
the  son,  their  tails  will  be  the  greater.  The  vapours  beins  thus 
dibtedy  rarefied,  and  diffuwd  throughout  all  the  celestial 
lugions,  Newton  thou|^ht  they  might  probaUy,  by  little  and 
Mltlo,  by  flseans  of  their  own  gravity,  be  attracted  down  to  the 
planets,  and  become  intermingled  with  their  atmospheres,  to 
which  tbqr  would  fbmish  fmb  accessions  of  pure  particles, 
and  supply  the  loss  of  air  and  moisture  sustained  by  the 
processes  of  life  and  vq^clation.  Another  use  he  suoposed 
eomats  mmr  be  designed  to  serve,  is  that  of  suppMng  tne  son 
wiik  AiBsb  fuel.  This  may  happen  fiNiro  their  samrinr  a  dimi« 
nntion  ot  tbeir  peonieclile  force,  when  in  periheliott,  from  the 
ivsistnnoto  of  the  solar  atmosphere ;  so  thai  by  dcgpMs^  their 
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«a  MKiallT  aiaear  the  Inoiaat  of  all 
which  Sir  Immc  Newtoa  odataaed  of 

ontaialy  far  igMond  fiom  the  carnal 
of  philowphcrt  in  hie  d^,  aad  we  caaaot  saj  that  the 
of  the  ceataiy  Moe  they  wcie  paMhhfri^  ' 
ach  hejaad  lhea^  thaagh  twhatatflial 
■aijr  l»<>*»cd  to  aene  parte  of  hb  hjpothoRs.  Theideaoftha 
periodiad  lerolBtioai  of  the  teairti  is  uitetaicly  likely  to  be 
confinaed,  bat  the  sappontaoa  that  the  pliarti  aia  aapalied 
with  ^aie  air  aad  BMMitaie  difand  by  tiMa,  the  lale  dao»» 
verici  ia  chciaiiliy  reader  ezoeedi^gly  doabtfal,  bj  ibewias 
aboadaat  other  aeBBt  of  aaCare*s  irplelioa  ia  thcK  iei|MCf e« 
Modem  chenuiti^  iadiqiatably  piofcs  to  as*  that  water  i»  coan 
poed  of  two  laTwible  gaies ;  aad  that  by  the  opcralioat  oea- 
staatlj  goioir  oa  ia  oataiey  it  is  pradaoedy  malved  iaie  ate 
rlrmfwii,  and  iqnodaoed:  oa  theoae  haad,  water  peodi 
air;  on  the  other,  air  piodaoa  water:  under  certain  ctrci 
•tancn,  wateruniCcs  innaolid  fbrm  with  varioaa  anhetagpra; 
under  other  circamataacea,  it  ia  liberated  horn  ita  aolid  faaa, 
and  aaiamffi  that  of  vaponr  or  air.  Theae  upeiatieaa^  theas  ia 
reaaao  to  bdiero,  balanoe  cadi  other;  the  ataaoaphae  aad  the 
waler,  tbongh  mnataally  cbaagiag,  wanain  canalantly  the  aaaM 
iaaaaatky,  or aa aeariy  ao aa thige»iatenceof  aaanhiad  leqaiwa; 
and  we  fiad  it  iaipoaaible  to  point  out  the  aonioe  of  a  decay  ar 
the  aerd  of  a  foreiga  aapply  •  With  laqnot  to  the  aapphr  of 
conbaalible  matter  wbicb  oomela  Baayaifad  to  theann,  and  the 
caaae  which  Sir  Isaac  Newton,  aa  above  alaied,  baa  aaa^gaed  for 
their  fidliag  into  it,  we  may  consider,  that  if  on  the  one  hand 
the  density  of  the  aolar  atmoapheie  haa  a  faafaN^  to  leiaea  the 


pojectlle  fofoe  of  a  comet  paasing  throngh  it,  that  tendeary  it 
II  laaaooaUe  to  aoppose  wilf besimaltaneoasly  checked  and  ofWfw 
eooie,  by  the  giettier  momentom  with  which  the  raya  fal 
the  comet     It  ia  fmthrr  to  be  cooaidered,  that  if  the 


me  to  be  irgaided  meiely  9m  fM  for  the  ann,  it 
tcnttoanppomthematllioaamB  tiamto  behabitabli 


ASTRONOMY*  569 


Solar  system  reviewed. — Comets. 


Is  it  not  then  at  least  raasonable  to  adopt  the  opinion,  that  the 
comets  are  co-existent  with  the  planets;  and  that  the  sun's  waste 
of  rnatter  is  supplied  by  other  means  than  their  destruction  ? 

Rowning,  who  is  not  satisfied  with  Sir  Isaac  Newton*s 
theory  of  comets,  accounts  for  their  tails  in  the  following 
manner :  II  is  well  known,  that  when  the  light  of  the  sun 
passes  through  the  atmosphere  of  any  body,  as  the  earth,  that 
which  passes  on  one  side,  is  by  the  refraction  thereof  made  to 
converge  toward  that  which  passes  on  the  opposite  one ;  and 
the.convergency  is  not  wholly  effected  either  at  the  entrance  of 
the  light  into  the  atmosphere,  or  at  its  going  out ;  but  beginning 
at  lis  entrance,  it  increases  in  every  point  of  its  progress.  It 
is  also  agreed,  tbat  the  atmospheres  of  comets  are  very  large 
and  dense.  He  therefore  supposes  that  by  such  time  as  the 
light  of  the  snn  has  passed  through  a  considerable  part  of  the 
aUnosphere  of  a  comet,  the  rays  are  so  far  refracted  toward  each 
other,  that  they  then  begin  sensibly  to  illuminate  it,  or  rather  the 
vapours  floating  in  it ;  and  so  render  that  part  they  have  yet  to 
pass  through  visible  to  us :  and  that  this  portion  of  the  atmo- 
sphere of  a  comet,  thus  illuminated,  appears  to  us  in  the  form 
of  a  beans  of  the  sun's  light,  and  passes  under  the  denomination 
of  a  comet'siail,-  Some  comets  nave  had  tails  extending  80 
millions  of  miles. 

This  c^inion,  that  the  comet's  tail  is  merely  an  optical 
appearance^  produced  by  the  li^ht  streaming  through  a  dense 
and  very  extensive  atmosphere,  is  at  the  least  exceedingly  spe* 
cious.  If  the  tail  be  nothing  but  light,  we  can  readily  account 
tot  its  not  distfirting  the  rays  from  the  smallest  star  seen  through 
it;  and  it  is  not  difficult  to  admit  that  such  an  atmosphere  must 
render  the  solid  opake  body  of  the  comet  very  indistinct,  if  not 
altogether  invisible.  This  theory  of  comets  it  has  been  pro- 
pesed  to  elncidale  by  experiment:  take  a  glass  globe,  suspend  a 
small  opake  globe  in  the  middle  of  it,  and  then  expose  it  to  a 
strong  stream  of  light,  as  from  a  fire  or  a  number  of  candles, 
while  it  is  so  pla^  in  an  aperture  of  a  wall  or  door,  that  the 
light  which  passes  through  it  may  be  seen  in  a  darkened  room ; 
but  the  imitation  of  the  cometary  phenomena  will  not  be  good, 
from  the  envelope  of  the  glass,  nor  equal  to  what  it  would  be 
if  the  water  weie  in  the  st^e  of  vapour. 

Kepler's  bw  of  the  analogy  between  the  periodical  times  of 
the  pUuBds,  and  their  distances  from  the  sun,  is  applicable  also 
to  the  comets.  Hence  the  mean  distance  of  a  comet  from  the 
snn  may  be  fonnd  by  comparing  its  period  witl|  the  time  of  the 
earth's  levolution  round  the  sun :  thus  the  period  of  the  comet 
thaiappeaicdin  1631,  1607,  1682,  and  1759,  being  about  76 
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•uch  like  cnron,  wbicb  riiei  ilia 
8at«-irn^  aad  vboie  Ydodtj^  tboagb 
would  be  ikaScient  to  cbaoiie  ks  ofbkfiai 
brib.     On  locJuag  over  tbe  biiiorbM  of 
OM'  had  bera  teen  ia  tbe  jtm  1456,  aad  aba  ia  the 
whuh  laller  year  be  coaiideicd  to  be  al  tbe 
double  period  fnaa  tbe  fiMriaer.    Fiaai  aH 
be  Tffituml  to  fordel  that  tbe  letora  of  tbe 
pi 'I  r  Mboai  thetyear  1758.    TIk  tSoA  of  Japiter 
wiMilil  ificreaie  its  periodic  tiaw  abofa  a  jetf,  ia 
of'  whic h  be  pmlicted  its  ralara  at  tbecad  of  tbe 
the  begttintiig4if  1759.    Bot  CfadnuU  caaiNitad  «i 
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of  Satoni  and  Jnptler,  and  found  that  th^  former  would  retard 
its  Tatnrn  in  the  last  period  100  days,  and  the  latter  51 1  days ; 
and  he  determined  the  time  when  the  comet  would  come  to  its 
perihelion  to  be  April  15,  1759,  observing  that  he  might  err 
a  month,  fiom  neglecting  snmll  ouantities  in  the  computation. 
It  passed  the  peribelion  on  Marcn  IS,  within  thirty-three  days 
of  the  time  oompoled.  This  is  the  first  comet  the  period  of  which 
was  foretold,  and  the  ptediction  was  verifieo.  It  did  not, 
however,  make  any  oonsiderable  appearance  by  reason  of  the 
unfavourable  situatioo  of  the  earth,  all  the  time  its  tail  might 
otherwise  have  been  conspicuous,  the  comet  being  tlien  too 
near  the  sun  to  be  seen  by  us.  '^  Let  us  remark,**  says  Laplace, 
^'  for  the  honour  of  the  human  understand  in j^,  that  this  comet, 
which  in  this  century  only  excited  the  curiosity  of  astronomers 
and  mathematicians,  had  been  regarded  in  a  very  difiercnt 
manner,  four  revolutions  before,  when  it  appeared  in  1456.  Its 
long  tail  spread  consternation  over  all  Europe,  already  terrified 
by  the  rapid  success  of  the  Turkish  arms,  which  had  just 
destroyed  the  greai  empire.  Pope  Callixtus,  on  this  occasion, 
orderrd  a  prayer,  in  wnicfa  both  the  comet  and  the  Turks  were 
included  in  one  anathema !" 

Five  hundred  comets  are  supposed  to  have  appeared  since 
the  oommencement  of  the  Christian  era.  Of  theae  probably 
a  considerable  number  are  the  diflferent  appearances  of  the  same 
oeaset;  but  our  knowledge  of  these  boaies  is  so  much  in  its 
infiuicy,  the  period  of  accurate  otiservations  has  so  lately  com- 
menced, timt  we  have  as  yet  but  slender  means  of  determining 
any  questien  vespaoting  them. 

Op  tub  Fix  bo  Stars. 
When  we  have  separated  the  planets  and  comets,  from 
oor  consideralton,  we  find  that  all  the  other  bodies  of  the  sphere, 
constantly  preserve  the  same  situation  with  respect  to  each 
other;  for  this  loason  they  are  called  /trerf  ilort.  They  obvi« 
OQsly  dtfer  again  from  the  planets,  in  affording  a  twinkling  light, 
however  clear  the  atmospoere;  and  to  the  nnphilosophic  eye 
they  appear  to  be  iiwumenUe,  but  this  is  only  in  consequence 
of  their  beng  scattered  in  so  confused  a  manner,  and  our  not 
being  nUe  to  see  them  all  at  once.  Of  this  deception  of 
aight^  we  may  soon  eonvinoe  ourselves,  by  selecting  any  parti* 
onlnr  postion  of  the  heavens,  and  counting  the  stars  it  contains ; 
the  nnmber  of  wUoh  will  be  found  very  small.  The  whole 
number  of  stam  whicbcan  be  seen  at  once  by  the  naked  eye, 
is  aai  above  500;  but  soon  after  the  invention  of  the  telescope, 
the  sraaaber  notnalij  noted  down  in  catalogues  amounted  to 
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3000.  The  farther  IdcMsopcs  bave  been  iapioved,  the  note 
bare  been  diacorered,  and  Dr.  Hcnchd  bas^  in  onr  ovn  timCf 
added  at  least  30,000  to  UMse  formerij  known. 

Before  we  ▼eDtare  upon  any  specnbtions  wilb  icmect  to  the 
nature  of  the  fixed  stais,  it  will  be  proper  to  obtain,  if  poniUe, 
some  idea  of  their  distances.       For  this  pnrpoae,    we  nost 
lemind  the  reader  of  the  natnie  of  n  paralfauc^  whicb  signifies 
the  angle  subtended  by  the  yisoal  rays  coming  from  an  object 
viewed  at  two  difleicnt  sitoaUons.      The  moon,  it   has  hem 
shown  at  page  522,  is  so  near  as  that  its  distance  may  be  ascer- 
tained tolerably  weil  by  a  horizontal  pandlax,  whicb  b  eqaivalent 
to  viewing  it  from  two  situations  separated  by  the  sems-diameter 
of  the  earth,  or  nearly  4000  miles.     Bat  the  distance  of  the 
sun  is  found  to  be  so  great,  that  a  horizontal  pamUax  will  not 
gtre  a  satisfactory  result;  philosophers  therefore,  it  has  been 
shown,  turned  their  attention,  for  ascertaining  the  distaooe  of 
this  luminary,  to  the  transits  of  Fenos,  by  which  nesrlythe 
whole  diameter  of  the  earth  formed  a  parallax,  and  enabled 
them  to  solve  the  problem.      Two  stations,  however,  separated 
by  the  whole  diameter  of  the  earth,  are  utterly  incapable  of 
showing  us  the  distance  of  a  fixed  star.     What  resource  then 
has  human  ingenuity  left?  one  which  might  sorely  be  thoa^t 
sufficient,  that  of  viewing  and  taking  the  parallax  of  these  bodies 
from  two  opposite  parts  of  the  earth's  orbit.     This  is  called  the 
greai  parallax^  or  annual  parallax*    By  means  of  the  aenith 
sector.    Hook,  Flamsteed,  and  Bradley  observed,   for  some 
time,  at  the  spring  and  autumnal  equinox,  the  trannt  of  y 
Draconis  over  this  perpendicular  telescope,  hoping  thai  the 
diameter  of  the  earth's  orbit  might  make  an  angle  or  parallax 
with  it.     They  were  disappointed.    The  star  was  seen  so  near 
the  same  place,  at  each  of  the  earth's  two  stations,  which  sie 
nearly  200  miUioos  of  miles  distant  firom  each  other,  that  no 
estimate  could  be  made!  Bradley  gpieoed  there  might  bean 
antrle    of  about   two    seconds,    which    woald  make  the  sbir 
400,000  times  as  far  from  us  as  the  sun.    Cassint  supposed 
the  annual  parallax  of  Sirius,  which  of  all  the  fixed  stati  is 
considered  the  nearest,  to  be  six  seconds,  from  which  it  wss 
calculated  to  be  18,000  times  further  fiom  us  than  thesiio. 
Nothing,  however,  on  this  subject,  has  been  determined  with 
certainty,  except  the  simple  but  truly  astonishing  truth,  thst 
the  space  of  200  millions  of  miles  is  an  insensible  pohtty  when 
compared  with  the  distance  of  the  nearest  fixed  star. 

The  next  telescopic. peculiarity  which  we  moat  notice*  ifi 
that  the  fixed  &(ars  have  no  commensun^bie  magnitude*  This 
is  the  more  remarkable,  as  they  differ  firom  eadi  other  an  mvA 
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in  brilliaDcy;  but  when  examitied  with  a  telescope,  bowever 

great  the  roagnifyio]^  povrer,  the  most  sparkling  appear  only  to 
B  lucid  points,  intensely  bright,  indeed,  but  indivisible. 
Their  twinkling  is  occasioned  by  the  motion  of  particles  in  onr 
atmosphere,  intercepting  (heir  light ;  and  their  sensible  magni- 
tude to  the  naked  eye  arises  from  adventitious  rays  cut  off  by 
the  telescope. 

From  the  two  circumstances  which  have  been  just  men« 
tioned,  to  wit,  the  indefinite  distances  and  magnitudes  of  the 
fixed  stars,  we  may  justly  infer,  that  they  shine  by  native  light, 
otherwise  they  would  be  invisible  to  the  naked  eye:  for  the 
satellites  of  Jupiter  and  Saturn,  though  we  can  raeasnre  their 
distances,  and  they  also  appear  of  a  very  distinguishable  mag- 
nitude through  a  telescope,  reflect  too  little  light  to  be  visible 
without  that  instrument.  We  may  calculate  the  distance  at 
which  200  millions  of  miles,  would  appear  to  our  sight  as  a 
point;  and  supposing  we  assume  that  distance  to  be  the  distance 
of  the  nearest  fixed  star,  we  shall  be  satisfied,  that  our  sun,  if 
equally  far  off,  would  only  appear  like  a  star.  Are  we  not  then 
compelled  to  draw  the  conclusions,  that  every  fixed  star  is  itself 
a  sun ;  that  each  of  them  is  the  centre  of  a  system  of  planetary 
worlds;  that  it  directs  their  motions,  and  supplies  tnem  with 
light  and  heat,  in  the  same  manner  that  the  sun  governs  the 
several  bodies  of  which  our  solar  system  is  composed ;  that 
these  planets  of  other  systems,  are  furnbhed  like  ours  with  satet 
lites,  though  these  as  well  as  their  primaries  are  altogether 
invisible  to  us ;  and  finally  that  the  fixed  stars  are  as  distant  from 
each  other  as  they  are  from  the  earth. 

The  difference  of  the  apparent  magnitudes  of  the  fixed 
stars  is  very  great ;  yet  it  is  found  to  answer  sufficiently  well  the 
purposes  or  description  and  discrimination,  to  distinguish  them 
into  six  orders,  calling  the  largest  of  them  siars  of  the 
firU  mapuiude,'  the  next,  ttmrs  of  ike  second  magfuiude^  and  so 
on.  The  stars  of  the  sixth  magnitude  are  those  which  can 
barely  be  distinguished  by  the  naked  eye.  Those  which  can 
only  be  seen  by  the  help  of  the  telescope,  are  usually  called 
iekscooic  tian. 

A  oetCer  method  than  the  above  of  distingnishing  the  bright- 
ness and  magnitudes  of  the  stars,  is  that  aoopted  oy  Dr.  Her* 
scbel,  in  his  catalogues  of  the  comparative  brightness  of  the 
fixed  stars.  It  consists  in  referring  a  given  slar  to  two  other 
stars,  one  of  which  is  somewhat  brighter,  and  the  other  rather 
less  bright  than  the  oae  to  be  designated.  *^  I  i^laoe,"  says  he, 
'^  each  star,  instead  of  giving  its  magnitude,  into  a  short  series, 
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^_    the  onleraf  IwUhtoui  of  the     ^--^ 

§0an.  For  iMtacr»  to  eqHvm  &  Iwlfe  of  D,  I  aij  CDE. 
Bj  thbtboit  Miolmi,  inOai  of  icfemi^  the  star  D  to  •■ 
inwgmaij,  oBoeHuB  iteodaid,  I  icfer  it  tomymJie  mad  ddcf- 
numle  cntioff  oae.  C  b  a  sTar  that  has  m  irraiier  l««tie  thw 
D;  aadEisaMthcroflaBbn^aasthaaD.  BoihCaadE 
are  acighboariBg  stan,  chosea  la  soch  a  aiaaaer  that  I  mmy  sk 
them  at  the  sme  tisse  with  D,  awl  thovibss  laaj  be  abfe  to 
oompaie  thcai  propolj.  The  fantie  of  C  is  ia  tkesaoKasB* 
■cr  aaceftaiacd  fay  BCD;  that  of  B  bjr  ABC;  and  abo  the 
br^htaosof  EbjDEF;  aad  that  of  F  hy  EFG." 

AatioBoaKiB  divide  the  hcafgas  iato  thne  itgioas;  s 
BOithcia  and  a  soathora  htmmflkat^  aad  the  vidiac  Stan  of 
Taiioas  ■egaitadcs  ne  sna  in  all  these  legioat,  aad  aie  daned 
iaCo  vhat  are  called  ooaslellataoas,  or  sjileaH  of  stars, 
iairastlMy  lieaearoae  aaothcr,  so  as  to  oocapj  thase 
which  the  igaics  of  JBSemA  sorts  of  aatiaak,  ice.  aodM  tahe 
up,  if  th^  were  dellimtfd  on  what  appears  to  be  the  coacsfe 
sarfroeof  the  heavais.  Those  stars  which  the  awMitscoald 
■ot  bring  iato  aaj  particalar  eoasleflatioo,  they  calkd  aa^rsMrf 
jlon 9  bat  Bsost  of  these  aie  caiaprchended  in  the  ikw  coasiri 
biioiw  of  the  oMMleniB. 

Thw  dirasoB  of  the  stars  iaio  difiereotf  ooaiteiMioBS,  or 
asterisBM,  serves  to  dittingoish  them  in  sach  a  aiaBSfr,  that 
anj  partkralar  star  maj  be  readiljr  foaad  in  the  hesrens  bf 
aieaas  of  a  ceifstial  ftkibe,  oa  -which  the  cooiiellataoas  sie  so 
delineated  as  to  pot  the  most  remarkabk  stan  iato  Ihoee  parts 
of  ibe  fi^m,  which  may  be  most  easily  pointed  oal.  A  {Siest 
improvement  of  tfab  ancient  mode  of  pointing  oat  the  Mart, 
consists  in  anneking  a  Greek  or  a  Roman  letter,  or  a  aaiB« 
her,  to  each  star,  the  brightest  star  havina  the  first  letter  b  tho 
alphabet,  or  the  lowest  aomber,  and  the  rert  followiag  in 
rcgidar  order.  By  these  OMans,  emy  star  asay  bepaialea  oat 
wUh  as  mnch  ease,  as  if  it  had  a  distinct  name.  Thus  if  ve 
see  «  in  Orion,  and  m  ia  the  Twins,  the  former  b  caHed 
Alpha  Orionb,  and  the  latter  Alpha  Geauaornm,  tec  M 
before  tbb  arrangement  prevailed,  remarlodde  stars  in  some  ^ 
Ae  constellations  obtained  a  partirnlanMaie,  which  they  still 
retain,  as  Aldebaran,  Castor  and  Pollux,  tee. 

Tothefolbwing  Ibt  of  the  rvmsfeHatioiis,  aad  of  tkuvn- 
ber  of  stars  observed  in  each  of  them,  as  ftir  as  those  of  ^ 
lixth  magnitade,  b  subjoined  the  names  and  aiagnitaiki  ^ 
thoie  stars  to  which  independeat  naaies  have  beea  given  s 
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list  of  tlie  conttellatioM. 


Cansitllatiani  of  the  Zod&ac. 

No.      Princi|Mi1  Stan  and 
CoDBtelhtions.  of  Stan,    their  MagDltodaa. 

Aries The  Ram W 

Taarus The  Bull  140  ATdebaran ^..     1 

Gemini  The  Twins 85  Castor  &  Pollux  1.9 

Cancer  The  Crab  83 

Leo The  Lion   ...« 95  Regulns '    1 

Virgo  TheVifjijin  110  Spica  Tirginis ....     1 

Libra The  Scales 51  Zubenlsch  Mali      H 

Scorpio The  Scorpion 44  Antara l 

Sagiitarins The  Archer 60 

Capricornus The  Goat 51 

Aquarios The  Wafer-carrier  108  Scfaeat ......••.....••.     % 

Pisces  TheFlshos IIH 


ComielUUian$  on  the  North  Side  of  the  ZoXac. 


Ursa  Minor •••.• 

Urst  Major 

Cusiopeia 

Persons  « 

Auriga    

Bootes 

Draco..... 

Copheus .«-...«.••..... 

CaoesVeoadci,  Tit.  As. 

teriao  and  Chara  ..^ 

Cor*  Carol!  ••Mta*«**M..M 

Triaogoluo  ....••••.•••.•m 

TriaDgalam  Minns...... 

Musca 


No.      Priaeipai  Stara  and 
of  Stan,  their  Bii^tndet. 

The  Utile  Bear  ....  24  Stella  Polorls  ....  3 

The  Great  Bear ....  87  Dubhe 1 

Ladj  In  her  Chair    55 

Perseus 50  Algenib  •«•.•.  3 

The  Waggoner 50  Capella... .—...•..«  1 

The  Bear  Driver  ..  54  Arctnrns  1 

The  Dragon 00  RasUber a 

S5  Alderaala  ........  S 


•  ••.«•..•••...«••••...« 


Ljnz 

Leo  Minor 

Coma  Berenicit . 
Caroelopardalns 
Moos  Meoelaus. 
Corona  Borealls. 

Serpens  

Seatna  SobiidU 


The  Greyhounds ..  U 

Charles'  Crown ....    8 

The  Triangle 16 

The  Lesser  Triangle  5 

A  ne  jsee  ..«..••.......    o 

The  Little  Lion ....  M 

Berenice*s  Hair  ..^  40 

The  Caaelopard ..  58 

11 

Northern  Crown ..  SI 

The  Serpent  ........  50 

BoUatkl's  SbleM S 
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as  fiir  distant  from  each  other  as  from  the  centre,  and  snppos* 
ing  the  nearest  fixed  stars  to  be  as  fiu*  distant  from  each  other 
as  from  the  snn,  he  cooclndcs  that  there  can  strictly  speaking 
be  onlj  19  stars  of  the  first  magnitude.  Hence  at  twice  that 
distance  from  the  son  there  may  be  placed  foor  times  as  many, 
and  soon ;  and  this  mode  of  calculation  gives  us  pretty  neailj 
the  number  of  stars  of  the  first,  second,  third,  &c.  magnitudes. 
It  is  a  fiu:t  no  less  singular  than  well  ascertained,  that  stais 
which  were  obsenred  by  the  ancients  are  now  no  longer  to  be 
seen,  and  new  ones  have  appeared  in  diftrent  places,  whick 
were  unknown  to  the  ancients^  and  some  of  these  have  also 
disappeared  and  again  become  visible.  Hipparchus,  the 
ancient  astronomer^  having  observed  the  disappearance  of  a 
star,  was  induced  to  make  m  catalogue  of  the  fijred  stars,  that 
posterity  might  judge  whether  any  other  change  took  place 
among  them.  Manj  ages  afterwards,  a  new  star  having 
been  observed  by  Tycho  Bmbe  and  bis  oontempovaries,  this 
astronomer  also  determined  to  make  a  catalogue  with  the  same 
▼lew  as  Hipparchus.  Of  the  new  star  seen  by  Brahe,  and  on 
the  subject  cSf  changes  among  the  stars  in  general,  vie  have  the 
following  interesting  account  by  Dr.  Halley :  '^  The  ficst  new 
star  in  the  Chair  of  Cassiopeia  was  not  seen  by  Cornelius  Gemma 
on  the  8th  of  November,  1572,  who  says,  he,  that  night,  con- 
sidered that  part  of  the  heaven  in  a  very  serene  sky,  and  saw  it 
not ;  but  that  the  next  night,  November  9,  it  appeared,  with 
a  splendour  surpassing  all  the  fixed  stars,  and  scarcely  less 
bright  than  Venus.  This  was*  not  seen  by  Tycho  Brahe  befioie 
the  i  Ith  of  the  same  month;  but  from  thence  he  assures  ua  that 
it  gradually  decreased  and  died  away;  so  as  in  March,  1574, 
a&r  16  months,  to  be  no  longer  visible;  and  at  this  day  no 
signs  of  it  remain.  Its  place  in  the  sphere  of  fixed  stars,  by 
the  accurate  observations  of  the  same  Tycho,  vras  0"  9*  17'  a 
1~  *  f,  with  530  45'  north  latitude.  Such  another  star  was 
seen  and  observed  by  the  scholars  of  Kepler,  to  begin  to  Appear 
on  September  SO,  St.  Yet.  anno  1604,  which  was  not  to  be 
seen  tne  day  before ;  but  it  broke  out  at  once  with  a  lustre  sov* 
passing  that  of  Jupiter;  and  like  the  former,  it  died  away  cn^ 
dually,  and  in  much  about  the  same  time  disappeared  toUdly, 
there  remaining  no  footsteps  thereof  in  January,  1605-6. 
This  was  near  3ie  ecliptic,  folbwing  the  right  Iw  of  Serpent** 
rius;  and  by  the  observations  of  Kqiler  and  otneis,  was  in  7* 
SB''  0'  a  1~  *  T>  ^><b  north  latitude  l""  56'.  These  two 
to  be  of  a  distinct  species  from  the  rest,  and  nothing  like  th 
has  appeared  since.  But  between  them,  viz.  in  the  year  1596, 
we  have  the  first  account  of  the  wonderful  star  in  CoUo  Ceti, 
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by  David  Fabricius  on  tbe  14th  of  August,  at  bright  as  a  star 
of  tbe  third  magnitade,  which  has  been  since  found  to  appear 
and  disappear  periodically ;  its  period  being  precisely  enough 
seven  revolutions  in  six  years,  though  it  returns  not  always 
with  the  same  lustre.  Nor  is  it  ever  totally  extinguished,  but 
may  at  all  times  be  seen  with  a  six  feet  tube,  [telescope.]  This 
was  singular  in  its  kind,  till  that  in  Collo  Cygni  was  discover- 
ed. It  precedes  the  first  star  of  Aries  I  <>  40',  with  15''  bT 
sonth  latitude.  Another  new  star  was  first  discovered  by 
William  Jansonius,  in  the  ^ear  1600,  in  Pectore,  or  rather  in 
Educttone  Colli  Cygni,  which  exceeded  not  the  third  magni- 
tude. This  having  continued  some  years,  became  at  length  so 
small,  as  to  be  thought  by  some  to  have  disappeared  entirely ; 
but  in  the  years  1657,  1658,  and  1659,  it  again  arose  to  the 
third  magnitude;  though  soon  after  it  decayed  by  degrees  \o 
the  fifth  or  sixth  magnitude,  and  at  this  day  is  to  be  seen  as 
such  in  9-  IS''  38'  a  1~  •  7",  with  SS^  9»  north  latitude.  A 
fifth  new  star  was  first  seen  by  Hevelius  in  the  year  1670,  on 
July  15,  St.  Vet.  as  a  star  of  the  third  magnitude;  but  by  the 
beginning  of  October,  was  scarcely  to  be  perceived  by  the 
naxed  eye.  In  April  following,  it  was  ae^ain  as  bright  as 
before,  or  rather  greater  than  of  the  third  magnitude,  yet 
wholly  disappeared  about  the  middle  of  August.  The  next 
year,  in  March,  1679,  it  was  seen  again,  but  not  exceeding 
the  sixth  magnitude :  since  when,  it  has  been  no  further  visible, 
though  we  have  frft]uently  sought  for  its  return;  its  place  is 
9-  S«  17'  a  1-  •  -f ,  and  has  lat.  north  47  <»  28'.  The  sixth 
and  last  is  that  discovered  by  G.  Kirch  in  the  year  1686,  and 
its  period  determined  to  be  of  404^  days,  and  though  it  rarely 
exceeds  the  fifth  magnitude,  yet  it  is  very  regular  in  its  returns, 
at  we  found  in  the  year  1714.  Since  then  we  have  watched,  at 
the  absence  of  the  moon  and  the  clearness  of  tbe  weather  would 
permit,  tbe  first  beginning  of  its  appearance  in  a  six 
feet  tube,  that,  bearing  a  very  great  aperture,  discovers  raott 
minute  stars.  And  on  June  15th  last,  it  was  first  perceived 
like  one  of  the  first  telescopical  stars;  but  in  tbe  rest  of  that 
month  and  July,  it  gradually  incresised,  so  as  to  become  in 
August  visible  to  the  naked  eye,  and  so  continued  till  the  month 
of  September.  After  that  it  again  died  away  by  degrees:  and 
on  tbe  6th  of  December,  at  night,  was  scarcely  discemable  by 
the  tube ;  and  as  near  as  could  be  guessed,  equal  to  what  it  was 
at  its  fint  appearance  on  June  15;  so  that  this  year  it  has  been 
seen  in  all  nearly  six  ihonths,  which  is  but  little  less  than  half 
its  period;  and  the  middle,  and  consequently  the  greatest 
hrightiMt,  fidh  about  tbe  lOtb  of  September.'' 
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Constellations  on  the  North  Side  of  the  Zodiac  (continued.) 

No.      Prioeipal  Stan  and 
CoDStelUtions.  of  Stan,  their  Magoitiidcs* 

'^eTc&rT*^'"*}    Hercules  kneeUngU  3  RasAlgiath.  ..«    S 

'*sjht£ '!:'."  J  «"«--•""  •• «^  '^^'"«-  - » 

Tauras  Poniatowski  «....«.. 7 

Lyra  The  Harp 22  Vega I 

Vulpecula  et  Anser....  The  Foi  8c  Goose  37 

Sagttta The  Arrow 18 

Aquila. The  Eagle  40  Altair 1 

Delphinus  The  Dolphin 18 

Cygnus  The  Swan 73  Dencb  Adige  ....     I 

Equuleus    The  Horse's  Head  10 

Lacerta The  Lizard  16 

Pegasus The  Fly  log  Horse    85  Markab 2 

Aodromeda 66  Almaac  2 


Constellaiionis  on  the  South  Side  of  the  Zodutc. 

No.    Principal  Stan  and 
Conitellatioiis.  of  Stars,  their  Magnitadaa. 

Phoeoiz Phenix  13 

Officina  sculploria 12 

Eridanns  The  River 76  Achemar  ..........     l 

Hydros  The  Hydra 10 

Cetui The  Whale  80  Meoekar 2 

Fornax  Chemica 14 

Horologiom    12 

Reticolos  Rhomboidalis 10 

Xiphias The  Sword-fish  ....     7 

Celapraxitellif 16 

Lepas  The  Hare 19 

Columba  Noachi Noah's  Dove 10 

Orioo 78  Betelguese 1 

Argo  NaYis The  Ship »  60  Caoopns  i 

CanU  Major  The  Great  Dog  ....  30  Sinus  i 

Equulens  Pictorius  8 

Monoceros The  Unicorn 31 

Caois  Minor Tbe  Little  Dog  ....  14  Procyon...... I 

Chameleon Chameleon 10 

PixisNautica  4 

PIkIs  Volaas  The  Fljiog  Fish ....    8 
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QnuicOaUons  on  the  South  Side  of  the  Zodiac  (continued*) 

No.       Principal  Atari  and 
Constellations.  of  stars.      their  Magnitudes. 

Vjdra  60  Cor  Hydm  1 

^ztaDi  The  Sextant   4 

Robur  CaroliDom  The  Rojal  Oak  ....  12 

'Machina  Pneomatica 3 

Crater  The  Cup  11  Alkcs S 

<Cor?Qi The  Crow 0  Algorab  S 

•Crux TbeCroM  6  Crncis 1 

•Muca  The  Bee 4 

Apui The  Birdof  Paradisell 

Circinut  ^..    4 

Centaarm The  Ceotanr  36 

Lopas The  Wolf 44 

Quadra  Eaclidif 12 

Triangolum  Aastrale ..  Southern  Triangle..     5 

Ara ^ .^...,  The  AlUr 9 

Teleicopium The  Telescope 0 

Corona  Australii Southern  Crown  ..  12 

PaTo The  Peacock 14 

Indni The  Indian  12 

Microscopium  The  Microscope ....  10 

Octany  Hadleianus Hadtej^s  Quadrant  43 

Gru8 The  Crane  14 

Toucan  American  Goose  ..     0 

Piscit  Anttrallt The  Southern  Fish  20  Tomalhant 1 

i 

The  wbole  nureber  of  stan  reckoned  in  the  preceding 
liit^  amount!  to  3192,  but  the  number  which  may  be  discerned 
'With  the  asaistance  of  telescopes  is  incalculable.  Dr.  Hook, 
with  a  telescope  of  twelve  feet,  saw  78  stars  among  the 
'Fleiadei;  and  with  a  longer  telescope  still  more;  and  in  the 
vonalellation  Orion,  whicn  is  usually  reckoned  to  contain  78 
Jtars,  there  have  been  seen  8000.  Dr.  Herschel,  with  a  telescope 
that  magnifies  from  five  to  six  thousand  times,  has  counted  forty* 
four  thousand  in  a  space  of  sky,  eight  degrees  in  length,  and 
three  in  width ;  and  supposing  this  quantity  to  be  the  same  in 
mil  portions  of  the  sky,  of  equal  dimensions,  the  whole  number 
of  Stan,  that  may  be  rendered  visible  by  such  a  telescope,  can- 
Mi  be  fewer  than  seyenly^four  millions. 

Kepler  has  made  a  very  ingenious  obserration  upon  the 
raagnitodca  and  distances  of  the  fixed  stars.  He  observes,  that 
Chere  can  be  onhr  thirteen  points  upon  the  sorftce  of  a  sphere. 
25.  Vol.  I.  4  E 
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Possible  causes  of  the  chaii(ses  among  the  fixed  stars. — Galaxy  and  oebolsB. 
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reduced  to  flat  drcalar  planes,  so  thin  as  to  be  quite  invisible 
when  their  edges  are  turned  towards  us,  as  Saturn's  ring  is  in 
such  positions.  But  nrhen  very  eccentric  planets  or  comets  ^a 
founcl  any  flat  star,  in  orbits  much  inclined  to  its  e(}uator,  the 
attraction  of  the  planets  or  comets  in  their  perihelions,  must 
alter  the  inclination  of  the  axis  of  that  star ;  on  which  account, 
it  will  appear  more  or  less  large  and  luminous,  as  its  broad  side 
is  more  or  less  turned  towards  us.  A  third  opinion  is,  that  the 
changes  in  question  may  be  owing  to  spots  on  the  surfaces  of 
the  stars,  so  that  when^  by  their  periodical  rotations  on  th^ir 
axes,  these  spots  are  turned  towards  us,  the  star  is  either  not 
seen  at  all,  or  appears  less  bright  than  at  other  times.  Lastly, 
it  is  conjectured  that  they  revolve  in  very  considerable  orbits, 
i|nd  that  we  only  see  them  when  they  are  nearest  to  us.  It  pro- 
bably is  not  one  uniform  cause  that  occasions  the  phenomena, 
which  may  be  owing  sometimes  to  one  and  sometimes  to  another 
of  the  causes  assigned,  or  to  various  others  of  which  we  Imve 
not  tl^e  least  apprehension ;  indeed,  ages  of  assiduous  observation 
may  elapse,  before  any  rational  conjecture  can  be  oflbed  on 
the  subject. 

On  almost  any  evening  which  is  clear  enough  for  the  stars 
to  be  seen  with  tolerable  distinctness,  we  may  observe  in  the 
heavens,  a  broad  tract,  of  a  whitish  colour.  Thu  remarkable 
tract  is  called  from  its  whiteness,  the  galaxy^  via  lacieoy  or 
mi/kyway^  On  more  minute  inspection,  we  may  observe  a 
number  of  whitish  places,  afibrding  the  same  kind  of  light  as 
the  milky  way,  but  not  so  briffht;  these  are  called  nehulm. 

The  milky  way  encircles  the  celestial  concave;  it  is  irregu* 
kily  extended,  sometimes  double,  but  for  the  most  part  single, 
and  varies  in  breadth  from  4^  to  80°.  It  passes  through  Cassio- 
peia, Penieus,  Auriga,  the  foot  of  Gemini,  Orion*s  Club,  pari 
of  Monoceroe;  the  tail  of  Canis  Major,  through  Argo  Navis, 
JBobur  Carolinum,  Crux,  and  the  feet  of  the  Centaur ;  here  it 
divides  into  two  parts;  its  eastern  branch  passes  through  Ara, 
the  tail  of  Scorpio,  the  eastern  foot  of  Serpentarius,  the  bow 
of  Sagittarius,  Scutum  Sobiesciannm,  the  feet  of  Antinous  and 
Cygnns.  Its  western  branch  passes  through  the  upper  part  of 
the  tail  of  Scorpio,  the  right  of  Serpentarius  and  Cygnus,  and 
eodb  in  Cassiopeia.  With  a  powerful  telescope,  Dr.  Herschel 
first  b^i^  to  survey  the  via  lactea,  and  found  that  it  completely 
resolved  the  whitbh  appearance  into  stan,  which  the  telescope 
he  formerly  used  had  not  power  enough  to  do.  The  portion  ne 
first  lAserved,  was  that  about  the  hand  and  club  of  Orion ; 
k  perceived  in  it  an  astonishing  multitude  of  stars,  the  number 
of  whiob  ho  Mdeavoured  to  estimate,    by  counting   many 
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Galaxy  and  nebahe. 


different  telesoopic  fields  of  Tiew,  and  oompnting  from  a  meaii 
of  these  how  many  might  be  contained  in  a  given  portion  of 
the  milky  way.  In  the  most  yi|cant  place  to  be  met  with  in 
that  neighbourhood,  he  found  68  stars ;  other  six  fields  contained 
110,  €0,  70,  90,  70,  and  74  stars;  a  mean  of  all  which  gave 
76  for  the  number  of  stars  to  each  field ;  and  thus  he  found, 
that  by  allowing  15  minutes  for  the  diameler  of  his  field  of 
Tiew,  a  belt  of  15  degrees  long,  and  two  broad,  which  he  had 
often  seen  pass  before  n  is  telescope  in  an  hour's  time,  conid  not 
contain  less  than  50,000  stars,  large  enough  to  be  distinctly 
numbered;  besides  which,  he  suspected,  twice  as  many  more, 
which  could  be  seen  only  now  ana  then  by  faint  glimpses,  for 
want  of  sufficient  light. 

Dr.  Herschel'ssuccessinesuimining  the  milky-way,  induced 
him  to  torn  hb  telescope  to  the  nebulous  parts  of  the  hesTeos. 
Most  of  these  yielded  to  a  Newtonian  reflector,  of  80  feet  focal 
distance,  and  12  inches  aperture;  which  plainly  disoofered 
them  to  be  composed  of  stars,  or  at  least  to  contain  stars,  and 
to  show  every  other  indication  of  its  consisting  of  then& 
entirely.  ^*  The  nebuls,"  says  he,  ^^  are  arranged  into  stmta, 
and  run  on  to  a  great  length,  and  some  of  them  I  have  been 
able  to  pursue,  and  to  guess  pretty  well  at  their  ibrm  and  direc- 
tion. It  is  probable  enough  that  they  may  surround  the  whole 
starry  sphere  of  the  heavens,  not  unlike  the  milky  way,  whieb 
undoubtedly  is  nothing  but  a  stratum  of  fixed  stars :  aodas  tbia 
immense  starry  bed  is  not  of  equal  lustre  in  e?eiT  part,  nor 
runs  on  in  one  straight  direction,  but  is  curved,  and  even 
divided  into  two  streams  along  a  yery  considerable  portion  of  it ; 
we  may  likewise  expect  the  greatest  variety  in  the  strata  of  the 
cluster  of  the  stars  and  nebuiie.  One  of  these  nel^lons  beds  is 
so  rich,  that,  in  passing  through  a  section  of  it  in  the  time  of 
only  S6  minutes,  I  have  detected  no  less  than  31  ncbufae,  all 
distinctly  visible  upon  a  fine  blue  sky.  Their  situation  and 
shape,  as  well  as  condition,  seem  to  denote  the  ffieatest  varietv 
imaginable.  In  another  stratum,  or  perhaps  a  oifierent  branra 
of  the  former,  I  have  often  seen  double  and  treble  nrtmln 
variously  arranged ;  large  ones,  with  small  seeming  attenAmts; 
narrow,  but  much  extended  lucid  nebute  or  bright  dashes; 
some  of  the  shape  of  a  fim,  resembling  an  electric  brash  issuing 
from  a  lucid  point ;  others  of  the  cometic  shape,  with  a  seeming 
nucleus  in  the  centre,  or  like  cloudy  stars,  surrounded  with  a 
nebulous  atmosphere:  a  diflerent  sort  of  orb  again,  conCain  • 
nebulosity  of  the  milky  kind,  like  that  wonderful,  inexpKcafale 
phenomena  aboot  Orionis;  while  others  sliine  with  a  fiuater 
mottled  kind  of  light,  which  denotes  thdr  bmag  resolvnbia 
into  stars. 
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It  b  Tery  probable  that  the  great  stimtum  called  the  milky 
way,  is  that  in  which  the  sun  is  placed,  thouch  perhaps  not  in 
the  very  centre  of  its  thickneHs.  We  gather  this  mm  the 
appearance  of  the  ipdazy,'  which  seems  to  encompass  the  whole 
heavens,  as  it  oestainly  must  do  if  the  san  is  witnin  the  same: 
for,  suppose  a  number  of  stars  arranged  between  two  parallel 
planes,  indefinitely  extended  every  way,  but  at  a  given  consi- 
derable distance  from  one  another,  and  calling  thb  a  sidereal 
stratum,  an  eye  placed  somewhere  within  it,  will  see  all  the 
stars  in  the  direction  of  the  planes  of  the  stratum  projected  into 
a  great  circle,  which  will  appear  lucid,  on  account  of  the 
accumulation  of  the  stars,  while  the  rest  of  the  heavens,  at  the 
sides,  will  only  seem  to  be  scattered  over  with  constellations, 
more  or  less  crowded,  according  to  the  distance  of  the  planes, 
or  number  of  stars  contained  in  the  thickness  or  sides  of  the 
stratum/' 

The  nebuhe  have  been  divided  into  three  kinds.  The  first 
kind  comprises  thdse  which  consist  of  a  great  number  of  stara 
crowded  together,  and  which  are  seen  to  be  distinct  through  a 
telescope.  Among  these,  is  the  famous  nebuhe  of  Cancer,  or 
the  prassepe  cancriy  forming  a  collection  of  S5  or  30  stars,  and 
many  similar  groups  in  various  parts  of  the  heavens.-^The 
second  kind  consist  of  one  or  more  stars,  surrounded  by  a 
whitish  spot,  through  which  they  seem  to  shine.  There  are 
several  or  this  sort,  but  one  of  the  most  remarkable  is  that  in 
Orion,  which,  through  a  telescope  appears  as  a  whitish  spot 
nearly  triangular:  it  contains  seven  stars,  one  of  which  is  itself 
surrounded  ^y  a  small  cloud  brighter  than  the  rest  of  the  spot* 
— Nebube  of  the  third  kind  are  white  spots  in  which  no  stars 
are  seen  when  viewed  with  a  telescope.— Fourteen  of  these  have 
been  observed  in  the  austral  hembphere,  among  which  the 
odebrated  spots,  near  the  south  pde,  called  by  sailors  the 
Magelkinic  clouds,    hold  the  first  rank. — Dr.  Henchel  has 

Ei  ven  catalogues  of  SOOO  nebube  and  olusters  of  stars  discovered 
y  hjmselL 

We  will  now,  says  the  Doctor,  in  one  of  hb  papers  on  thb 
subject,  retreat  to  our  own  retired  situation  in  one  of  the 

E*  nets,  attending  a  star  in  the  great  combination,  with  nom* 
less  others;  and  in  order  to  investi^^ate  what  will  be  the 
appearances  from  thb  contracted  situation,  let  us  begin  with 
the  naked  eye.  The  stars  of  the  first  magnitude  being  in  all 
probability  the  nearest,  will  furnish  us  with  a  step  to  b^in  our 
scale ;  setting  oflf  therefore  with  the  distance  of  Sirius  or  Arc* 
(urus,  for  instance,  as  unity,  we  will  at  present  suppose,  that 
jhose  of  the  second  magnitude  are  at  double,  and  those  of  the 
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Ibiid  at  ireUe  the  distance,  aad  so  forth.  Taking  it  then,  for 
granted,  that  a  star  of  the  seventh  magnitude  is  about  serea 
times  as  far  from  us  as  one  of  the  first,  it  follows  that  an  obser- 
ver, who  is  enclosed  in  a  globular  cluster  of  stars,  and  not  far 
from  the  centre,  will  nerer  be  able,  with  the  naked  eje,  to  see 
the  end  of  it :  for  since,  according  to  the  above  estimations,  he 
can  only  extend  his  view  about  seven  times  the  distance  of 
Sirius,  it  cannot  be  expected  that  bis  eyes  should  reach  the  bor- 
ders of  a  cluster,  which  has  perhaps  fifty  stais  in  depth  every 
where  around  him.  The  whole  universe,  therefore,  to  him, 
will  be  comprised  in  a  set  of  eonstellattons,  richly  omabaented 
with  scattered  stars  of  all  sizes.  Or  if  the  uiiited  brightness  of 
a  neighbouring  cluster  of  stars,  should,  in  a  remarkably  dear 
niffht,  reaeh  his  sight,  it  will  put  on  the  appearance  of  a  sniall^ 
iamt,  nebulous  cloud,  not  to  be  perceived  without  the  greatest 
attention.  Allowing  him  the  use  of  a  common  telescope,  he 
begins  to  suspect  that  all  the  milkiness  of  the  bright  path  which 
surrounds  the  sphere  may  be  owing  to  stars.  By  increasing  his 
power  of  vision,  he  beMmes  6eitain  that  the  milky*wav  is, 
indeed,  no  other  than  a  collection  of  very  small  stars,  and  the 
nebuke  nothing  but  clusters  of  stars. 

Dr.  Herscbel  then  solves  a  general  problem  for  computing 
the  length  of  the  visual  ray:  that  of  the  telescope  which  w 
uses,  will  reaeh  to  stars  497  times  the  distance  of  airiiis.  IVoir 
according  to  his  reasoning,  %Sirius  cannot  be  nearer  than  lOOfiOO 
X  194,000,000  of  miles,  therefore  his  telescope  will,  at  least 
reach-to  I00,000x  194,000,000x497  miles.  And  he  observes^ 
that  in  tlie  roost  crowdecl  part  of  the  milky  way,  be  has  had 
fields  of  view  that  contained  no  less  than  568  stars,  and  these 
were  continued  for  many  taiinutes;  so  that,  in  a  quaiter  of  aa 
hour,  be  has  seen  1 16,000  stars  pass  through  the  field  of  view 
of  a  telescope  of  only  15'  aperture;  and  at  another  time,  in  41 
minutes,  be  saw  298,000*  stars  pass  through  the  field  of  bb 
telescope.  Every  improvement  in  his  telesoopes  has  discovered 
stars  not  seen  before,  so  that  there  appears  no  boumb  to  their 
number,  or  to  the  extent  of  the  universe. 

The  sun,  like  many  other  stars,  has  probably  a  progressiva 
motion  directed  towards  the  constellation  Hercules,  carrying  all 
its  attendant  planets  along  with  it;  and  with  respect  to  this 
motion.  Dr.  Herschel  observes,  that  the  apparent  proper 
motionh  of  44  stars  out  of  56,  are  nearlv  in  the  direction  which 
would  be  the  result  of  such  a  real  motion  of  the  sol4r  system  ; 
and  that  the  bright  stars  Arcturus  and  Sirius,  which  are  prob»» 
biy  the  nearest  to  us,  have,  as  they  ought,  acooiding  to  thia 
theory,  the  greatest  apparent  motions.    Again^  the  star  GasCttc^ 
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appeatB  whai  Tiewed  mth  a  telescope,  to  consist  of  two  gtatv, 
or  neatly  equal  magoitude ;  and  though  they  have  an  apperent 
notion,  they  have  neTer  been  found  to  change  their  distance 
with  respect  to  one  another  a  single  second,  a  circumstance 
easily  understood,  if  both  their  apparent  motions  are  supposed 
Co  arise  from  the  real  motion  of  the  sun. 

In  the  infancy  of  science,  when  the  distances  of  the  sun 
ud  planets  were  unknown,  roan,  unable  to  draw  any  iusC  con- 
clusion nspecting  objects  so  much  beyond  his  men,  never 
doubted  that  he  was  the  only  being  of  his  kind  in  the  universCi 
or  that  the  earth  was  the  most  consequential  aggregate  of  matter 
in  existence.  Pleased  with  what  exalts  himself,  it  was  not 
without  many  a  struggle,  and  by  slow  degrees,  that  he  withdrew 
from  the  dominion  of  so  contemptible  a  belief.  At  length, 
when  the  evidence,  continually  accumulating,  triumphed 
oyer  all  contradiction;  when  the  magnificence  of  the planetarj 
orbs  became  perfectly  evident ;  when  it  was  proved  that  they 
certainly  experienced'  the  regular  return  of  day  and  nighty 

J  ring,  summer,  autumn,  and  winter;  it  became  diflBcalt  to 
ny  the  plumli^  of  inhabited  worlds,  with  any  hope  of 
rationally  explainmg  the  design  of  that  exertion  of  Creative 
Power  which  called  tnoseorbs  into  exbtenoe,  and  subjected  them 
to  the  same  laws  as  the  earth ;  and  man  was  constrained  to  admits 
that  a  grain  of  sand  was  not  more  completely  an  atom  to  the 
earth,  than  the  earth  itself  was  an  atom  to  the  solar  sjrstem. 
These  ideas  had  scarcely  obtained  general  acceptance,  when 
it  was  found  that  the  distances  of  all  the  nxed  stars  if 
immeasurably  great;  then  it  became  obvious  that  they  shine 
by  their  own  light ;  that  they  are  each  of  them  comparable  in 
real  splendour  and  magnitude  to  the  sun ;  that  they  are  as 
distant  from  each  other  as  any  one  of  them  must  be  from  us; 
that  therefore,  instead  of  being  merely  as  ornaments  of  the  sky, 
the  most  reasonable  conclusions  of  anai<^  inculcated,  that  they 
were  the  centres  of  so  many  systems,  dispersed  throughout 
the  universe,  and  dispensing  limhi  and  heat  to  planetary  worlda 
around  them ;  and  the  use  of  tne  telescope,  at  the  same  time 
that  it  Imparted  the  power  of  counting  millions  of  stars  which  the 
naked  eye  never  beheld,  yielded  a  convincing  evidence,  that 
millions  of  millions  exist,  at  distances  too  great  for  them  to  bd 
separately  distinguished.  Man  had  now  advanced  another  step, 
but  not  in  proving  bis  own  importance.  On  the  contrary,  from 
tiie  insignificance  of  the  earth  to  the  whole  aolar  system,  he 
now  advanced  to  the  perception  of  the  insignificance  of  the 
whole  solar  tyslem,  to  the  remaining  immensity  of  creation  ; 
so  that  the  total  annihilation  of  the  system  that  appears  so  varf 
to  him.  would  be  like  the  abatractioa  of  ototUng  mm  the  oni* 
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Oa  the  wiags  of  coajcclvr,  'mitttd^  b«t  still 
bj  cmr  side,  «e  oia  j  take  a  tfill  hmic  rtift  if  Bot 
cxpauMTe  view.  It  (bete are  rcaaofB  lo  believe  that  rfcrj <icfc 
of  the  solar  ftjslem  is  iahabtfed,  tkae  aie  wemmmm  wcmrcAy  lev 
•trooe  ^M^  beiiefinc  tbat  ererj  ilar,  aadevcfj  orb  ^"^^^■■y 
errry  sUr,  is  created  and  exisSs  ooly  for  tbesaaecreat  pmrpwe. 
WLtt  incDcncnunicabie  teeiin^^  db  these  viewi  excite  is  Che 
IhifiAine  mind!  Perbapa  all  tbe  staia  th«l  we  caa  di 
aod  ail,  of  the  cxisteoce  o(  which  we  caa  obtaia  aaj  et 
form  a  rerj  fioite  part  ot'the  total  oomber;  jet,  is  it  possible  bj 
anj  other  aieaiis,  to  obtain  so  admirable  a  view  of  lafaifte 
Power  auid  lafiniie  Wisdom,  as  may  be  derived  from  the 
Icmplaf  ioo  of  the  altribotcs  of  that  Bein?  who  has  cfiated, 
maintaiaa,  eren  that  portioB  which  wecaaactaailjrdisoerwof  the 
stapcpdons  hbtic  tif  UniTenal  Natmc? 

Of  thb  Tides. 

Havini^  now  ranged  over  the  mightj  fidd  of 
research,  we  must  next  proceed  to  consider  a  variety  of 
■lena,  rcsuUini^  firom  the  general  laws  of  nataie,  which  aie 
particalartj  aod  immediately  interesting  to  os  as  iohabitanlsof 
the  earth,  but  which  would  have  too  mnch  inlernipted  oar 
general  view,  if  we  had  enteied  snficiently  into  the  detaib  of 
them  in  the  conise  of  onr  progicm.  Here  then  we  shall  in  tho 
first  place  advert  to  those  remarkable  flnctnatiooi  of  the  ooma 
called  Tides. 

The  apparent  connexioa  subsiating  between  the  moveaenli 
t»f  tbe  ocean  and  those  ot  the  moon,  has  been  observed  f roiA 
the  earliest  periods  cf  antiquity ;  bnt  it  was  Kepler  who  fini 
asserted  that  the  moon*s  attraction  was  the  teal  caase:  ^*  If,** 
say  he,  '^  tbe  earth  cemed  to  attract  its  waters  towards  ilsell^ 
all  tbe  water  in  tbe  ocean  would  rise  and  flow  to  the  mooo* 
Tbe  sphere  of  the  moon*s  attraction  extends  to  our  earth,  and 
dmws  up  the  water.*'  Sir  Isaac  Newton  afterwaids  demeo* 
•tndfd  the  consonance  of  the  cause  assigned  by  Kepler,  with 
his  theory  of  universal  gravitation,  and  explained  at  the  sanM 
time  the  cause  of  the  tides  on  the  side  of  the  earth  opposite  te 
the  moon,  and  from  his  time  to  the  piesent,  not  a  ooabi  has 
been  entertained  on  tbe  subject. 

The  principal  phenomena  of  the  tides  ate  as  follows: 

1,  The  sea  is  observed  to  flow  for  about  six  hours  from  south 
to  north,  gradually  swelling;  after  this  it  seems  Co  rest  for  m 
qimrter  or  an  hour;  and  then  to  ebb  or  letire  back  agmin  froi 
north  to  south,  for  six  bouis  more.  Then  after  another  puano 
of  about  a  Quarter  of  an  hour,  the  sea  aguin  begins  to  flow; 
imd  so  on  aUemately. 
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S.  The  tirne  of  a  flox  and  reflux,  is  on  an  average  about  12 
hours  85  minutes,  and  twice  this  time,  or  24  hours  50 
minutes,  is  the  period  of  a  lunar  day,  or  the  time  between  the 
moon's  passing  a  meridian,  and  coming  to  the  same  point  of  it 
again.  So  that  the  sea  flows  as  often  as  the  moon  passes  the 
meridian,  that  is,  as  well  when  she  comes  to  the  arch  above  the 
horizon,  as  when  she  comes  to  that  below  the  horizon;  and  ebbs 
as  often  as  the  moon  passes  the  horizon,  both  on  the  eastern  and 
western  side. 

3.  The  elevation  of  the  waters  on  that  side  of  the  earth 
immediately  under  the  moon,  somewhat*  exceeds  the  elevation 
of  the  opposite  side,  and  in  all  cases  the  elevation  diminishes 
from  the  equator  to  the  poles. 

.  4.  The  sun  raises  and  depresses  the  sea  twice  every  day, 
in  the  same  manner  as  the  moon  ;  but  the  solar  influence  in  this 
respect  is  less  than  that  of  the  moon,  in  the  proportion  of 
ItoS. 

5.  The  tides  which  depend  on  the  actions  of  the  sun  and 
raoon,  are  not  distinguished  but  compounded ;  and  thns  they 
form,  to  appearance,  one  united  tide,  which,  increasing  and 
decreasing,  produces  Neap  and  Spring  tides. 

6.  In  the  syzygies,  that  is,  wiicn  the  moon  is  either  new  or 
full,  the  action  of  both  luminaries  concur,  and  the  tides  are 
hkrhest ;  but  they  are  least  in  the  quadratures,  or  when  the  lines 
Of^their  action  are  90  degrees  apart,  for  where  the  water  is 
elevated  by  the  moon,  it  is  depressed  by  the  sun,  and  vice 
versa.    Therefore  while  the  moon  passes  from  the  syzygy  to  the 

Smdratnre,  the  daily  elevations  are  continually  diminished  :  on 
e  contrary,  they  are  increased,  while  the  moon  passes  from 
the  quadrature  to  the  syzygy.  At  the  new  moon,  also,  the 
tides  are  the  greatest,  because  the  sun  and  moon  are  not  only  in 
the  sanoe  line  but  on  the  same  side  of  the  earth ;  and  at  this  time 
the  tides  of  the  same  day  are  more  different  than  those  at  full 
moon. 

7.  The  greatest  elevations  and  depressions  take  place  on  the 
second  or  third  dajT  after  the  new  or  full  moon;  and  they  are 
the  greater  the  nearer  the  luminaries  are  to  the  plane  of  the 

Suator ;  they  arc  therefore  greatest  in  the  syzygies  at  the  time 
the  equinoxes. 

8.  The  actions  of  the  sun  and  moon  are  greater,  the  nearer 
these  bodies  are  to  the  earth ;  and  the  greatest  tides  happen 
when  the  sun  is  a  little  to  the  south  of  the  equator ;  but  this  does 
not  happen  regnlarly  every  year,  because  some  variation  may 
arise  from  the  situation  of  the  moon's  orbit,  and  the  distance  of 
the  iysygy  from  the  equinox. 
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9.  Astk0cnfi>rae«rtk  bmb  !•  Mwe  the 
fkloftlirnBKarijMSlol;  if  the  adioB  «r  the 
wo«UMKkK3ealideort«ofiecl,whicliitiiaklioiki,  thntkift 
«r  the  MMM  vUl  be  nx  fat;  htmet  the  si«k«-tiiki  wiU  te 
dghilirct,  aMl  the scap tkki fiiw fiecC 

TbeK  phnoaen  take  plMX  whoetheooeM  b  ftAaeetly 
foUeMbd,  to  adoMt  of  tJMiw  MOtaoM  which  the  actioM  of  the 
aaa  and  moom  have  a  itwArmey  to  iiB|iait;  fmH  thef  aaa 
"VarMNaJj  aMidifcri  bj  the  ohrtacha  which  the  water  BMet»  with 
IB  it»  cowfie;  froai  the  diiectioB  of  the  wiad;  frooi  atmts  aad 
gaipha,  Inaw  capo,  bajs,  aod  other  prraliaritift  of  the  ihoisi 
of  diAmatoowUnci;  to  thatoo  •osesholc^  Utik  or  ao  tide 
b  oboerved,  and  oo  othen  thej  ne  frr  brjroad  the  aawiwt 
dderaioed  withoai  tahu«  ioto  OKHdeiatioa  the  moHfymg 


The  tides  air  propaieated  to  gieal  distanon  ia  higeriTcia; 
aod  at  the  itrait  of  raoaii,  ia  the  hfcr  of  the  Amainaij  they 
aie  iroaible  at  600  nilei  from  the  sea* 

In  ezplaioing  the  geaeial  priaciplei  oa  which  the  tidoi 
dcprady  it  noft  beobacrved  aod  reaieaibeffed,  that  if  the  actios 
of  the  aMioo  woe  eqmal  opon  evefj  pait  of  the  ocean,  we  shooU 
have  no  tides;  it  is  the  meqmaSi^  of  its  action  that  piodnces 
theau  The  action  of  the  moon  is  graatert  in  the  diiectioa  of  a 
line  thai  would  join  its  csntie  of  gravity  with  that  of  the  earth; 
to  this  line  as  an  azb,  the  ocean  rashes  up  fioa  every  sidc^ 
and  as  tbb  line  moves,  the  water  which  flowed  ap  to  it  at  the 
fifitt  momenl  of  the  moon's  action,  continoes  to  mofo  ahnig 
with  it ;  so  that  wheiever  the  moon  is,  the  hiahsst  point  of  the 
ocean  b  diredljr  under  her.  The  inequality  of  the  roooa'a  adioa 
b  not  so  great  as  to  counteract  the  cohesioa  which  the  solid  paila 
of  the  earth  have  to  each  other,  and  therefore  they  are  oaaflecU 
od  by  it ;  but  the  particles  of  fluids  move  aoiong  each  other 
with  such  facility  that  they  receive  it  roadily.  To  nadenlaal* 
more  fully  why  the  moon  exerts  an  unequal  action  on  the  eartb^^ 
it  b  neofssary  to  recollect  that  the  power  of  gravity  dtminisiMB 
as  the  square  of  the  distance  incrsaaes;  and  therefore  the  walen* 
of  the  earth  ABCDEFGU,  fig.  1,  pi.  IV,  most  be  mova 
tdtracted  at  Z,  on  the  side  next  the  moon,  M,  than  at  the  cea^ 
tml  parts  of  the  earth,  O ;  and  the  central  parts  are  more  altiact^ 
ed  by  the  same  power,  than  the  waters  on  the  opposite  side  of 
the  earth  at  N;  and  therefore  the  dbtance  ftom  the  eaith^ 
centre  and  the  waters  on  its  surface  under  and  opposite  to  the 
moon  will  be  increased.  For,  IK  there  be  thrre  bodies  at  H, 
0«  ami  D ;  if  they  are  all  equally  attracted  by  the  body  at  M^ 
thry  will  all  move  equally  fast  towards  it,  th«'ir  mutual  di«ita«icea 
from  each  other  continuing  the  same.    If  the  attraction  of  M  b 
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unequtlt  then  that  body  which  is  most  stronnrij  attracted  will 
aove  fastest,  and  this  will  increase  its  dbtance  from  the  other 
body.  Therefore,  by  the  law  of  graTitation,  M  will  attract  H 
nore  slronf^ly  than  it  does  O,  by  which  the  distance  between  H 
and  O  will  be  increased;  and  a  spectator  on  O  will  perceive  H 
rising  higher,  towards  Z.  In  like  manner,  O  being  more 
strongly  attracted  than  D,  it  will  move  farther  towards  M  than 
D;  consequently  the  distance  between  O  and  D  will  be  increas* 
ed ;  and  a  spectator  at  O,  not  perceiving  hb  own  motion,  will 
seeD  receding  farther  from  him  towards  N;  all  effects  and 
appearances  being  the  same,  whether  D  recedes  from  O,  or  O 
mm  D. 

Suppose  now  there  are  a  number  of  bodies,  as  A,  B^  C, 
D,  E,  F,  G,  H,  or  in  one  word,  a  fluid  ring,  placed  about 
O ;  then  as  the  whole  is  attracted  towards  M ,  the  parts  at  H 
and  D  will  have  their  distance  from  O  increased ;  whilst  the 
parts  at  B  and  F,  beine  nearly  at  the  same  distance  from  M  as 
O  is,  these  parts  will  not  recede  from  one  another;  but  rather^ 
Inr  the  oblique  attraction  of  M,  they  will  approach  nearer  to  O. 
ifence,  the  fluid  ring  will  form  itself  into  an  ellipse  ZIBLNK 
FRZ,  whose  longer  axis  NOZ  produced,  will  pass  through  M, 
and  its  shorter  axis,  BOF,  will  terminate  in  B  and  F.  Let  the 
ring  be  filled  will  fluid  particles,  so  as  to  form  a  sphere  round 
O:  then  as  the  whole  moves  towards  M,  the  fluid  sphere  beina 
lengthened  at  Z  and  N,  will  assume  an  oblong  or  spheroidal 
form.  If  M  is  the  moon,  O  the  earth's  centre,  ABCDEFGH 
the  sea  covering  the  earth's  surface,  it  is  evident,  by  the  above 
leasoning,  that  whilst  the  earth,  by  its  gravity,  falls  toward  the 
asoon,  the  water  directly  below  the  moon  at  B,  will  swell  and 
rise  gradually  towards  her ;  abo  the  water  at  D  will  recede  from 
the  centre,  and  rise  on  the  opposite  side  of  the  earth,  whilst 
the  water  at  B  and  F  is  depressed,  and  falls  below  the  tbrmer 
level.  Hence  as  the  earth  turns  round  its  axis  from  the  moon 
to  the  moon  again  in  24  hours  50*,  there  are  two  tides  of  flood, 
and  two  of  ebb,  in  that  time.  By  the  motion  of  the  earth  on 
its  axis,  the  most  elevated  part  of  the  water  b  carried  beyond 
the  moon,  in  the  direction  of  the  rotation ;  but  the  water,  from 
the  accumulation  of  impulse,  still  continues  to  rise  after  it  has 
passed  directly  under  the  motm,  though  the  greatest  immediato 
action  of  the  moon  has  then  begun  to  decrease.  The  irreatest 
elevation  is  not  attained,  till  the  moon  has  for  the  space  of  am 
hour  or  more  ceased  to  be  vertical  to  the  place  where  it  occurs. 
Thus,  in  open  seas,  where  the  water  flows  freely,  the  moon  M 
is  past  the  north  and  south  meridian,  as  at  p,  when  it  is  high 
water  at  Z  and  N.    For  it  will  be  understood,  that  though  the 
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moon's  altraction  were  (o  cease  altogether  when  she  was  pasl  the 
meridian,  yet  the  motion  of  ascent  previously  commonicated  to 
the  water,  woald  make  it  continue  to  rise  for  some  time  after; 
much  more  must  it  do  so  when  the  attraction  is  only 
diminished ;  this  is  agreeable  to  the  ordinary  phenomenon  that 
the  heat  is  greater  at  two  in  the  afternoon,  than  when  the  sun  is 
on  the  meridian.  The  tides  do  not  always  answer  to  the  same 
distance  of  the  moon  from  the  meridian  at  the  same  places ;  hot 
are  variously  aflfected  by  the  action  of  the  sun,  which  brings 
them  on  sooner  when  the  moon  is  in  her  first  and  third  qnartera, 
and  keeps  them  back  when  she  is  in  her  second  and  fourth; 
because,  in  the  former  case,  the  tides  raised  by  the  sun  alone 
would  be  earlier  than  the  tides  raised  by  the  moon ;  and  in  the 
latter  case  they  would  be  later. 

It  is  not  difficult  for  the  novice  to  adroit,  that  the  moon 
should  have  the  stated  effect  on  the  waters  of  the  hemisphere 
immediately  beneath  it ;  but  it  excites  surprise,  and  is  not  so 
easily  understood^  that  it  should  produce  the  like  effect  on  the 
opposite  hemisphere,  and  that  it  should  be  flood  or  ebb 
tide  with  our  antipodes  at  the  same  time  that  it  is  flood*tide 
or  ebb-tide  with  us.  Here  then  we  must  remark  again,  that  it 
is  not  the  absolute  or  total  action  of  the  moon,  but  the  diffiBrence 
between  its  action  on  one  part  and  its  action  on  another,  that 
constitutes  the  force  which  occasions  any  tide.  The  point  Z  is 
nearer  to  the  moon  than  any  other  part  of -the  hemisphere  BZF; 
the  waters  therefore  about  that  point,  are  morestrongly  attracted 
by  the  moon  M,  than  at  others  more  remote;  and  since  this 
attraction  acts  in  a  contrary  direction  to  that  of  the  earth,  the 
waters  of  all  parts  from  BF  to  Z  must  have  their  gravity  orten^ 
dency  towards  the  centre,  O,  diminished,  and  as  this  tendency 
to  the  centre  is  the  least  at  the  point  Z,  they  will  oonssqueatly' 
stand  higher  there  than  in  any  other  part  of  the  hemisphere. 
Now  on  the  opposite  hemisphere,  BFN,  the  moon's  attraction 
is  also  unequally  exerted,  and  the  necessary  consequence  of  that 
unequal  action  produces  tides.  From  B  and  F  to  N,  the  force 
of  the  moon's  attraction  is  diminished,  agreeably  to  the 
^eral  rule,  as  the  square  of  the  distance  increases.  At  N  it 
IS  the  least  of  all,  and  as  the  attraction  (»f  the  watera  to  the 
centre  of  the  earth  is  also  the  least  there,  because  in  the  hemi* 
sphere  BFN,  the  moon's  attraction  in  proportion  to  the 
ness  of  the  parts  to  B  and  F,  favours  the  earth's,  the 
will  be  higher  there  than  at  any  other  part  of  the  hemisphere. 
Hence  the  moon  raises  the  watera,  botn  at  that  point  of  the 
earth  which  b  nearest  to  her,  and  at  that  which  is  furthest  frcMa 
her  at  the  same  time.    At  any  port  or  barbouTi  theiefeii^ 


ASTRONOMY.  591 


Theory  of  the  tides. 


which  lies  open  to  the  ocean,  the  action  of  the  moon  will  tend 
to  elevate  the  waters  there,  when  she  is  on  the  meridian  of  that 
pUce,  whether  she  be  on  the  arch  of  the  meridian  above,  or  on 
that  below  the  horizon.  But  the  water  cannot  he  raised  at  one 
place,  without  flowing  from  and  bein^  depressed  at  another^ 
and  these  elevations  and  depressions  will  obviously  be  the 
greatest  at  opposite  points  of  the  earth^s  surface.  When  the 
moon  raises  the  waters  at  Z  and  N,  they  will  be  depressed  at 
B  and  F;  and  when  by  the  earth's  rotation  they  are  raised  by 
her  at  B  and  F,  they  will  be  depressed  at  Z  and  N.  And  as 
the  moon  passes  over  the  meridian,  and  is  in  the  horizon  twice 
every  day,  there  must  therefore,  as  we  find  by  experience,  be 
two  tides  of  flood,  and  two  of  ebb  in  that  time,  at  the  interval 
of  about  six  hours  and  twelve  minutes. 

The  whole  attractive  force  exerted  by  the  sun  on  the  earth, 
is  far  superior  to  that  of  the  moon,  but  as  his  distance  from 
the  earth  is  nearly  400  times  greater,  the  intensity  of  the  forces 
with  which  he  acts  upon  different  parts  of  it,  are  much  nearer 
to  equality  than  those  of  the  moon ;  and  as  it  is  the  difference 
of  intensity  that  is  alone  exerted  in  producing  tides,  his  action 
in  this  respect  is  inferior  to  that  of  tne  moon.  Newton  calcu- 
lated the  eflect  of  the  sun's  influence  to  be* three  times  less  than 
that  of  the  moon.  The  action  of  the  sun  is  therefore  sufficient 
to  produce  a  flux  and  reflux  of  the  sea,  and  in  fact  there  are 
two  tides,  a  sohir  one  and  a  lunar  one ;  which  have  a  joint  or 
opposite  effect,  according  to  the  situation  of  these  bodies.  At 
fig.  S,  pi.  ly,  they  conspire  together,  on  the  same  side  of  the 
earth,  tne  new  moon  at  A,  and  the  sun  at  S,  their  centres  being 
nearly  in  the  same  line ;  and  they  raise  the  water  at  Z  and  N 
higher  than  either  of  them  could  do  alone.  When  the  moon 
isrnll,  as  at  B,  directly  opposite  the  sun,  and  on  the  opposite 
side  of  the  earth,  it  again  acts  in  the  same  line  as  the  sun,  and 
the  eflect  produced  on  the  ocean  is  nearly  the  same  as  before; 
and  in  both  cases  they  occasion  what  are  called  spring  tides. 
Now,  as  shown  by  fig.  3,  let  us  suppose  the  sun  to  be  at  S, 
while  the  moon  is  at  Q,  in  her  first  quarter.  Here  the  sun  and 
moon  tend  to  counteract  each  others  effect ;  for  the  one  would 
raise  the  ocean  highest  where  the  other  would  make  it  least.  If 
the  forces  then  were  equal,  there  would  be  no  tide,  but  as  that 
of  the  moon  is  strongest  in  the  proportion  of  S  to  1,  the  diflfo* 
reoce  between  the  forces  is  the  moon*s  eflect,  and  the  water  is 
therefore  raised  twice  as  high  under  the  moon  as  under  the  sun*. 
When  the  moon  has  arrived  at  her  third  quarter  at  R^  her 
situation  relatively  to  the  son  is  the  same  as  when  she  was  in 
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gw^td.  Bui  it  nntt  be  obsenpcd,  thai  as  the  Atlantie  twaa 
voni  f  he  moony  from  wot  to  tmA,  her  inilaeooe  on  iU  water 
fliii>t  be  from  east  to  wert ;  this  tide,  Dke  a  prodigious  wave,  10 
slopped  bj  America,  aad  reflected  back  as  tiie  mooo  pasKs 
o?er  the  rsciOc  ocean.  But  in  the  same  diieotioo  that  tiie 
Inoon  drains  the  watcn  of  the  Atfamtic,  the  trade  winds  oon- 
Slantlj  bk>w;  and  so  great  is  the  power  of  wind,  that  tiden 
every^where  are  made  greater  or  less-aocording  as  the  wind  is 
with  them  or  a^imt  them.  Now  the  Golph  of  Mexico  is  a 
oarftjr  between  North  and  Sooth  America  into  which  the 
winw  and  tides  are  perpdnallj  pouring  water ;  ro  tlmt  the 
flrst  tide  that  ever  flowed  into  it,  may  be  said  lo  be  kept  up  ia 
it  by  thb  nniemitting  influx,  and,  of  contse,  the  tides  cannol 
rise  and  ikit  m  in  places  less  in  the  way  of  these  canses.  But 
water  raised  abore  the  general  krel,  always  endeavours  to  bit 
back  to  that  level ;  the  trade  winds,  in  some  measure,  pievent 
this,  by  blowing  perpetually  from  the  east.  As  water  so  aoca« 
muUted,  cannot  return  in  opposition  to  the  trade  winds,  it 
turnt)  round  the  we^t  end  of  Cuba,  and  meeting  with  the  Bah»»' 
ma  Islands,  is  turned  northward  along  the  coast  of  America; 
forroini^  that  remarkable  stream,  the  strong  cnnent  of  the 
Gulph  of  Florida.  To  show  that  this  accumulation  actually 
take»  place  in  th«  Gulph  of  Mexico,  a  survey  was  made  acroas 
the  isthmus  of  Darien,  when  the  water  on  the  Atlantic  side  was 
found  to  be  fourteen  feet  higher  tbian  the  water  on  the  Pactfie 
side. 

From  the  lightness  of  the  air,  its  freedom  of  motion,  and 
its  greater  nearness  to  the  moon  than  the  ocean,  it  may  be  sup- 
posed that  there  are  aerial  tides  of  great  elevation;  but  it  seems 
to  contradict  this  supposition,  when  we  find  that  there  ate  no 
changes  of  the  barometer  indicating  this  to  be  extensively  the 
case.  A  little  consideration,  however,  will  show,  that  such  a 
chancre  of  the  barometer  is  not  to  be  expected.  By  the  preoed* 
ing  theory  of  the  tides,  it  appears  that  water  is  higher  immedi* 
ately  under  the  moon,  and  at  the  same  time  to  the  antipodes  of 
the  point  immediately  under  her,  that  is,  at  those  two  places  on 
the  earth  where  her  attraction  Is  greatest  and  least.  Now  though 
the  water  is  higher  at  these  two  points  than  elsewhere,  yet  it 
does  not  follow  that  the  water,  from  its  increased  quantity, 
presses  with  a  proportionately  greater  weight  on  the  bottom  of 
the  ocean  than  before  it  was  thus  raised  up,  because  the  moon*n 
attraction  has  diminisht*d  that  tendency  to  the  dentie  of  the 
earth  which  constitutes  the  weight  of  bodies.  Hence  we  may 
suppose,  that  though  the  moon  draws  up  the  atinoiphere  In  a 
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great  heifi^ht,  yet  a  higher  colamn  of  mercnry  is  not  sapported 
through  this  cireurostance,  because  the  ^tnal  weight  of  tho 
atmosphere  remains  but  little  affiscted. 

Of  the  HarveM  MoaUj  and  Sunier^s  Moon. 

When  the  earth,  in  turning  on  its  axis  from  J9mi  to  east, 
has  revolved  ftom  one  meridian  to  the  same  meridian  again,  the 
moon,  which  also  revolves  from  west  to  east,  has  advanced 
over  Uttle  more  than  a  thirtieth  part  of  her  orbit,  or  12^  and 
iome  minutes;  hence  the  tides  do  not  occur  till  after  the  earth 
has  overtaken  her,  and  therefore  aie  generally  observed  and 
aupposed  to  be  about  50  minutes  later  every  day.  This  is  not, 
however,  constantly  the  case,  except  at  or  near  the  equator;  for 
en  account  of  the  difierent  angles  made  by  the  horison  and 
different  parts  of  the  moon's  orbit,  this  retardation  differs  consi- 
derably in  places  of  high  latitude.  Twice  in  the  year  she  rises 
for  a  week  tq^^ether  nearly  at  the  same  time,  and  these  pheno- 
mena happenmg  successively  in  autumn,  the  earlier  b  called  the 
harvest  moon^  and  the  later  the  hunier^s  moon.  We  shall 
chiefly  be  indebted  to  Ferguson  for  the  explanation  of  these 
phenomena. 

^  The  plane  of  the  equinoctial  is  perpendicuhr  to  the  earth's 
axis;  ami  therefore  as  the  earth  turns  round  its  axis,  all  parts 
ef  the' equinoctial  make  equal  angles  with  the  horizon^  both  sA 
vising  ami  at  setting ;  so  that  equal  portions  of  it  always  rise  or 
set  in  equal  times.  Consequently,  if  the  moon's  motion  were 
equable,  and  in  the  equinoctial,  at  the  rale  of  12^  IT  from  the 
sun  every  day,  as  it  is  in  her  orbit,  she  would  rise  and  set  50 
minutes  later  every  day  than  on  the  preceding  day;  for  12*  11' 
of  the  equinoctial  rise  or  set  in  SO'  of  time  in  all  latitudes.  But 
the  mood's  orbit  ia  so  nearly  in  the  same  pbwe  as  the  ecliptic^ 
that  we  ma^  consider  her  at  present  as  moving  in  the  ecliptic* 
Now  the  diflbrent  parts  of  tne  edipUc,  on  account  of  its  obU^ 
qoity  to  the  earth's  axis,  make  very  diflerent  angles  with  the 
horizon  as  thev  rise  or  set.  Those  parts  or  signs  which  rise 
with  the  smallest  angles,  set  with  the  greatest,  and  nee  versa* 
In  equal  times,  whenever  this  ans^le  b  feast,  a  greater  portion 
of  the  ecliptic  rises  than  when  tne  angle  is  laqier,  as  may  be 
easily  perceived  by  referring  to  a  globe.  Thus  in  fig.  4  and  5, 
pL  I V ,  L  represents  the  latitode  of  London,  AB  &e  horison 
to  that  place,  FP  theaxiaof  the  world,  Eethe  canator,  Kk 
the  ecliptic.  On  account  of  the  obUqne  podtion  of  the  sphere 
IB  the  latitode  of  London^  the  ecliptic  nas  a  hMi  elevation 
above  the  heriaon,  nmking  the  angle  AVK,  in  ng.  4,  about 
9H  degrees,  when  the  sign  of  Cancer  is  npoo  the  BMridian,  at 
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wbich  time  Libra  rises  in  the  east.  Bat  when  the  other  put  of 
the  ecliptic  is  above  the  horixon,  that  is,  when  the  sign  of 
Capricorn  is  upon  the  meridian,  and  Aries  rises  in  the  e&idf 
then  the  ecliptic  will  make  with  the  horizon  the  mnch  smaller 
angle  k  VA,  as  represented  by  fig.  5,  which  angle  is  only  about 
15  degrees,  that  is,  47|  degrees  smaller  than  i&  fimner  angle. 
Thus  it  may  be  conceived,  that  as  the  celestial  sphere  apfiears  to 
turn  round  the  axis  FP,  a  greater  portion  of  the  ecliptic  wiH 
rise  in  a  given  portion  of  time,  as  for  instance,  three  or  fDar 
hoars,  when  the  ecliptic  is  in  the  situation  of  fig.  5,  than  when 
it  is  in  the  situation  of  fig.  4. 

In  northern  latitudes,  the  smallest  angle  made  by  the  edip- 
tic  and  horizon,  is  when  Aries  rises,  at  which  time  Liibra  sets; 
the  greatest  when  Libra  rises,  at  which  time  Aries  sets.  From 
•the  risinff  of  Aries,  to  the  rising  of  Libra  (which  is  twelve 
aidereal  hours)  the  angle  increases;  and  from  the  rising  of 
Libra  to  the  rising  of  Aries,  it  decreases  in  the  same  proportion ; 
hence  it  appears  that  the  ecliptic  rises  fiislest  about  Anes,  and 
slowest  about  Libra. 

On  the  parallel  of  London,  as  much  of  the  ecliptic  rises 
about  Pisces  and  Aries  in  two  hours,  as  the  moon  goes  thiooeh 
in  six  days ;  therefore,  whilrt  the  moon  is  in  these  signs,  she 
diflers  but  two  hours  in  rising  for  six  days  toeether ;  that  is, 
about  twenty  minutes  later  every  day  or  night  than  on  the  pr^ 
ceding,  at  a  mean  rate.  But  in  14  days  afterwards,  Che  moon 
ooraes  to  Vir^  and  Libra,  which  are  the  opposite  signs  to 
Pisces  and  Aries ;  and  then  she  ditttn  almost  four  times  as  madi 
in  rising ;  namely,  one  hour  and  about  15'  later  every  day  or 
night  than  the  preceding,  whilst  she  is  in  these  signs.  As  the 
signs  Taurus,  Gemini,  Cancer,  Leo,  Viigo,  and  Libre,  rise 
successively,  the  angle  of  the  ecliptic  with  the  horizon  incicaKS 
gradnall  V ;  and  decreases  in  the  same  proportion  as  they  set ; 
and  for  that  reason,  the  moon  diBm  mdnallj  more  in  the  time 
of  her  rising  every  day  whilst  she  is  in  iheae  signs,  and  less  ia 
her  setting:  after  which,  through  the  other  six  signs,  viz. 
Scorpio,  Sagittary,  Capricorn,  Aquarius,  Pisces  and  Aries^ 
the  rising  dimrence  becomes  less  every  day,  until  it  be  at  the 
least  of  all,  namely,  in  Pisces  and  Aries. 

The  moon  goes  round  the  ecliptic  in  aboot  97  days  and  8 
houra ;  but  not  from  change  to  change  in  less  than  aboot  tf( 
days:  so  that  she  is  in  Pims  and  Aries  at  least  oooe  in  every 
Innation,  and  in  some  lunations  twice. 

If  the  earth  had  no  annual  motion,  the  sun  would  never 
appear  to  shift  his  place  in  the  ecliptic ;  and  then  eveiy  new 
moou  would  M  in  the  same  sign  and  defrae  of  the  odtptici 
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and  erery  fall  moon  in  the  opposite ;  for  (be  moon  would  go 
precisely  round  the  ecliptic  from  change  to  change.  So  that  if 
the  moon  was  once  full  in  Pisces  or  Arits,  she  would  always  be 
full  when  she  came  round  to  the  same  sign  and  degree  again. 
And  as  the  full  moon  rises  at  sun-set,  (b^ause  when  any  point 
of  the  ecliptic  sets,  the  opposite  point  rises,)  she  would  con* 
atantly  rise  within  two  hours  of  sun-set,  on  the  parallel  of 
London,  during  the  week  in  which  she  was  fulK  But  in  the 
time  that  the  moon  goes  round  the  ecliptic  from  any  conjunction 
or  opposition,  the  earth  goes  almost  a  sign  forward ;  and  there* 
fore  the  son  will  seem  to  go  as  far  forward  in  that  time, 
namely  S7|^ ;  so  that  the  moon  mast  go  S7|^  more  than  round, 
and  as  much  farther  as  the  sun  advances  in  that  interval,  which 
18  ?TT°,  before  she  can  be  in  conjunction  with,  or  opposite  to, 
the  sun  again*  Hence  it  is  evident,  that  there  can  be  but  one 
conjunction  or  opposition  of  the  sun  and  moon  in  a  year  in  any 
particular  part  of  the  ecliptic.  This  may  be  familiarly  exem- 
plified by  the  hour'  and  minute  hands  of  a  watch,  which  in 
twelve  hours  are  never  in  conjunction  or  opposition  in  that  part 
of  the  diatplate  where  they  were  so  last  before. 

As  the  moon  can  never  be  fall  but  when  she  is  opposite  to 
the  sun,  and  the  sun  is  never  in  Virgo  and  Libra  but  in  our 
autumnal  months,  it  is  plain  that  the  moon  is  never  full  in  the 
opposite  signs,  Pisces  and  Aries,  but  in  these  two  months ;  and 
therefore  we  can  have  only  two  full  moons  in  the  year,  which 
rise  nearly  at  the  time  of  sun^set  for  a  week  together,  as  has  been 
mentioned  above. 

When  the  moon  is  in  Pisces  and  Aries,  she  must  rise  with 
nearly  the  same  difference  of  time  in  every  revolution  through 
her  orbit,  which  is  exactly  the  phenomenon  of  the  harvest 
moon ;  bat  it  passes  unobserved,  because  in  winter  those  signs 
rise  at  noon,  and,  being  then  only  a  quarter  of  a  circle  distant 
ftom  the  sun,  the  moon  in  them  is  m  her  fint  quarter,  and 
rises  about  noon,  at  which  time  her  rising  b  not  noticed.  In 
spring  those  sims  rise  with  the  sun,  for  the  sun  b  in  them, 
eonseanentiy  the  moon  being  in  them  too,  is  in  conjnnctfen 
with  tne  sun,  and  therefore  her  rising  is  invisible.  In  summer, 
those  signs  rise  about  midnight ;  and  the  sun  is  three  signs,  or 
piboat  90^  before  them ;  thmfore  the  moon  in  them  must  be  in 
her  third  quarter,  whm  she  gives  little  light,  and  rises  late,  on 
^bich  acoonnts,  the  phenomenon  of  her  rising  for  some  nighli 
ifith  Httle  difleience  of  time,  PMMs  unnoticed.  In  antomn, 
however,  the  case  is  different ;  for  the  signs  of  Pisces  and  Aries 
then  rise  about  sani«et,  and  thevefoie  the  moon  behig  in 
Ihem)  Is  iaopposition  to  the  ion,  consequently  fnU^  and  rlsea 
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in  great  Bplendour  vfaai  the  sun  sets,  and  seems  to  prolong  the 
day,  for  the  advantage  of  the  hnsbandman  at  the  time  of 
harvest. 

In  northern  latitadei,  the  aotnmnal  full  moons  are  in  Pisoci 
and  Arifs ;  and  the  vernal  full  moons  in  Virgo  and  Libra*  la 
southern  latitudes,  just  the  reverse,  because  the  seasons  are  com* 
trary.  But  Virgo  and  Libra  rise  at  as  small  angles  with  the 
hori^n  in  souttern  latitudes,  as  Pisces  and  Aries  do  in  the 
northern ;  and  therefore  the  harvest  moons  are  just  as  ngular 
on  one  side  of  the  equator  as  on  the  other. 

As  those  signs,  which  rise  with  the  least  angle,  set  with  the 
greatest,  the  vernal  full  moons  differ  as  much  in  their  times  of 
rising  every  night,  as  the  autumnal  full  moons  differ  in  their  times 
of  setting ;  and  set  with  as  little  differenoe  as  the  autumnal  foU 
moons  rise ;  the  one  being  in  all  cases  the  rever&e  of  the  other. 

Hitherto,  to  avoid  the  complication  of  the  subject,  the 
moon's  orbit  has  been  supposed  to  coincide  with  the  ecliptic ;  bat 
since  her  orbit  makes  an  angle  with  the  ecliptic ;  varying  from  5* 
to  5^  18',  one  half  of  it  is  on  one  side  of  the  ediptic^  and  the 
other  on  the  other  side^  and  she  never  coincides  with  it  but 
when  at  the  points  of  intersection,  called  her  nodes,  which 
cannot  happen  less  than  twice,  but  sometimes  happens  thrioe 
between  change  and  change.  For  as  the  moon  goes  almost  a 
whole  sign  more  than  round  her  orbit  from,  change  to  chtuuftf  tf* 
she  passes  through  either  node  at  or  a  little  h&te  the  time  of 
diange,  she  will  pass  by  the  other  about  foorteen  dava  aftciN 
wards,  and  come  round  to  the  former  node  before  the  nest 
diange.  When  the  moon  is  northward  of  the  ediplic,  she 
rises  sooner  and  sets  later  than  if  she  moved  in  the  ediptic;  and 
when  she  is  southward  of  the  ecliptic,  she  risca  later  and  seH 
sooner.  This  diffinvnce  is  variable,  even  in  the  same  sa^;ns^ 
beeanse  the  nodes  shift  backwards  about  19^^  in  the  ediptic 
every  year;  and  so  go  round  it  contrary  to  the  order  of  tha 
signs  in  18  years  S88  days. 

When  the  ascending  node  is  in  Aries,  the  southern  half  ef 
the  moon's  orbit  makes  an  angle  of  £4^  ^M  ^ith  the  horinm 
than  the  ediptic  does,  when  Aries  rises  in  northern  lalitndest 
for  which  reason  the  moon  rises  with  kss  differenoe  of  time  when 
she  is  in  Pisces  and  Aries,  than  if  she  moved  in  the  ednptle^ 
and  will  diAr  only  1  hour  and  iff  for  the  whole  of  sevun  wysu 
But  in  9  years  114  days  afkerwards,  the  descending  node  comas 
to  Ariesi  and  then  tne  nsoon's  orbit  makes  an  angle  of  5^ 
grcnitr  with  the  horiaon  when  Aries  rises,  than  the  cdiplie 
does  at  that  time;  which  canaes  the  moon  lo  rise  with  grcalsr 
diCmnea  of  time  in  Pkeas  and  Arim  than  if  aha  movod  in  the 
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ecliptic;  this  differpnce,  in  the  course  of  a  week,  will  amount 
to  tuU  S\  hours.  Hence,  though  we  obserre  the  phenomenon 
of  the  haryest  moon  every  year,  yet  it  b  not  every  year  equally 
lemarkable,  but  alternately  for  a  period  of  nearly  nine  years  and 
a  half,  it  is  greatest  and  least;  from  181S  to  1815  is  the 
remainder  of  a  period  during  which  the  harvest  moon  varies 
most  in  the  time  of  rising;  from  1816  to  1885  includes  a  period 
during  which  the  difference  is  the  least. 

At  the  polar  circles,  when  the  sun  touches  the  summer 
tropic,  he  continues  24  hours  above  the  horizon;  and  94  hours 
below  it  when  he  touches  the  winter  tropic.  For  the  same 
leason,  the  full  moon  neither  rises  in  summer,  nor  sets  in  winter, 
considering  her  as  moving  in  the  ecliptic.  For  the  winter  full 
moon  being  as  high  in  the  ecliptic  as  the  summer  sun,  must 
therefore  continue  as  long  above  the  horizon ;  and  the  summer 
full  moon  being  as  low  in  the  ecliptic  as  the  winter  sun,  can  no 
more  rise  than  be  does.  But  these  are  only  the  two  full  moons 
which  happen  about  the  tropics;  for  all  the  others  rise  and  set. 
In  summer,  the  full  moons  are  low,  and  their  stay  is  ^hort  above 
the  horizon,  when  the  nights  are  short,  and  we  have  least 
occasion  for  moonlight:  in  winter  the  full  moons  rise  high,  and 
stay  long  above  the  horizon,  when  the  nights  are  long,  and  we 
want  the  greatest  quantity  of  moon-light. 

At  the  poles,  one  half  of  the  ecliptic  never  sets,  and  the 
oth^  half  never  rises;  and  therefore,  as  the  sun  is  always  half 
a  year  in  describing  one  half  of  the  ecliptic,  it  is  natural  to 
ima^ne  that  the  sun  continnes  half  a  year  tc^jether  above  the' 
horizon  of  each  pole  in  its  turn,  and  as  long  below  it;  rising  to 
one  pole  when  he  sets  to  the  other.  This  wonld  be  exactly  the 
case  if  there  were  no  refraction;  but  by  the  atmosphere's 
refracting  the  sun's  rays,  he  becomes  visible  some  days  sooner, 
and  contwues  some  days  bnger  in  siffht,  than  he  wonld  other- 
wise do :  so  that  he  appears  above  tne  horizon  of  either  pole 
before  he  has  got  below  the  horizon  of  the  other.  And,  as  he 
never  goes  more  than  9i^^  below  the  horizon  ef  the  poles,  they 
have  very  little  dark  night;  it  being  twilight  there,  as  well  as  at 
other  places,  till  the  sun  is  18*  below  the  horizon.  The  fiill 
moon  oeing  always  opposite  to  the  sun,  can  never  be  seen  while 
the  sun  is  above  the  horizon,  except  when  she  is  in  the  northern 
half  of  her  orbit;  for  whenever  any  point  of  the  ecliptic  rises, 
the  opposite  point  sets.  Therefore,  as  the  sun  is  above  the 
horizon  of  the  north  pole,  from  the  80th  of  March  till  the  2Srd 
c(  September,  it  is  pbin  that  the  moon,  when  foil,  being 
opposite  to  the  sun,  most  be  below  the  horizon  that  half  of  the 
year.    Bat  when  tlie  snn  is  in  the  southern  half  of  the  ediptic, 
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he  oeyer  rises  to  the  north  pole;  daring  which  half  of  the  year, 
every  fall  moon  happens  lo  some  part  of  the  northern  half  of 
the  ecliptic  which  never  sets.  Consequently^  as  the  polar 
inhabitants  never  see  the  fall  moon  in  summer,  they  have  her 
always  in'  the  winter,  before,  at,  and  after  the  full,  shining 
for  fourteen  of  our  days  and  nights.  Thus  the  poles  are 
supplied,  during  one  half  the  winter,  with  constant  moon  li^ht 
in  tne  sun*s  absence;  and  only  lose  sight  of  the  moon  from  her 
third  to  her  first  quarter,  while  she  gives  but  little  light,  and 
would  be  of  the  least  benefit. 

^^  • 

The  Horizontal  Moon. 

When  the  moon  is  near  the  horizon,  she  appears  of  a  shape 
somewhat  elliptical,  and  larger  than  when  she  is  in  the  zenith, 
or  on  the  meridian.  This  jmenomenon  is  called  the  koruonial 
moon. 

The  longest  axis  of  the  elliptical  disc  of  the  horizontal 
moon  is  parallel  with  the  horizon,  but  the  circular  shape  is 
gradually  attained,  as  the  moon  rises  higher.    To  account  for 
these  appearances  has  greatly  exercised  the  ingenuity  of  several 
philosophers,  though  no  solution  of  the  proUera  has  yet  been 
offered,  whidi  has  received  general  assent    As  the  moon  when 
in  the  horizon  is  farther  from  us  by  the  semi-diameter  of  the  earth, 
than  when  in  the  zenith,  the  real  angle  it  subtends  must  at  thai 
time  be  least ;  but  the  difierence  is  so'  small,  arooantiog  oalv  to 
half  a  minute  of  a  d^;ree,  that  it  would  scarcdy  be  noticed  by 
the  sharpest  eye.    Gassendus  thought,  as  the  moon  was  less 
bright  in  the  horizon  than  in  the  meridian,  we  looked  at  it,  in 
the  former  situation,  with  a  greater  pupil  of  the  eye,  and  there- 
fore it  appeared  larger.    An  explication  of  this  kind  has  been 
lately  omred,  and  experiments  are  given  which  appear  to 
show  that  a  diflSsrence  of  aperture  will  make  a  difleience  in  the 
magnitude  of  the  image  of  a  lens ;  but  more  careful  experiments 
show  this  conclusion,  so  opposite  to  the  principles  of  optics,  to 
be  erroneous,  and  therefore  that  the  variations  in  Uie  aperture 
of  the  pupil  of  the  eye  do  not  occasion  variations  in  the 
magnitude  of  the  image  on  the  retina.    Some  have  supposed 
that  the  image  of  the  horizontal  moon  on  the  retina,   is  aoi 
actually  brger  than  at  other  times,  but  that  we  observe  such  aa 
extent  of  intermediate  objects  in  that  situation,  as  to  give  it  & 
greater  apparent  distance  than  at  other  times,  and  consequently 
we  consiaer  it  to  be  larger,  although  it  subtends  only  the  same 
angle;  the  dimness  wiu  which  it  appears,  from  the  fewness  of 
the  rays  which  reach  us,  contributing  at  the  same  time  to  the 
deception.    The  «in:uins(aaoe  of  fitintocas^  does  not,  however^ 
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seeni  essential  to  the  phenomenon,  otherwise,  when  the  moon  it 
on  the  meridian,  we  should  see  it  as  large  as  at  the  horizon,  of 
nearly  so,  when  it  happened  to  be  obscured  by  the  interposition 
of  considerable  clonds;  and  it  may  also  be  remarked,  tnat  the 
lower   part   of  a  rainbow  appears  broader  than  the  upper 

Eart,  at  the  same  time  that  it  often  appears  brighter,  and  the 
readth  of  the  moon  and  of  the  rainbow  in  this  case  are  doubt- 
less collateral  phenomena.  It  is  evident  to  the  slightest  con* 
sideration,  that  the  rays  of  light  from  the  moon,  pass  through 
the  greatest  tract  of  air,  when  the  moon  is  in  the  horizon ;  and 
through  the  least  when  that  luminary  is  in  the  zenith;  and  at 
all  interracdmte  distances,  the  quantity  of  air  passed  through  is 
of  an  intermediate  extent,  and  proportionate  to  the  eleyation. 
This  is  shown  by  fig.  6,  pi.  IV,  where  AB  represents  an  arc  of 
the  top  of  the  atmosphere,  and  CD  an  arc  of  the  surface  of  the 
earth.  When  the  moon  is  at  H,  she  is  seen  by  a  spectator  at  E, 
through  the  tract /g  £,  which  is  alxnit  twice  as  long  as  the  tract 
traversed  when  sne  has  arrived  at  the  altitude  I,  and  three 
times  the  extent  of  that  passed  through  when  she  is  in  the 
nentth  K.  May  we  not  then  suppose,  that  the  difierence  in  the 
refraction,  produced  by  the  difierence  in  the  len^h  of  the  tract  of 
air  passed  through  by  the  rays  from  the  moon,  is  the  chief  cause 
<rf  the  apparent  enlargement  of  the  lunar  disc,  particularly  as  we 
find  by  experiment,  that  an  object  appears  lareer  in  proportion 
as  k  is  viewed  at  a  greater  depth  in  water,  and  that,  though  a 
thin  piece  of  flat  glass  has  no  perceptible  magnifying  power,  yet 
a  thick  piece  certainly  has,  and  ou^ht  to  have,  accoraing  to  the 
principles  of  optics.  The  variations  of  the  density  of  the 
vapoun  through  which  the  rays  pa»,  account  for  the  variations 
of  the  horizontal  moon,  which  at  equal  altitudes  sometimes 
appears  laiger  than  at  other  times.  With  respect  to  the  ellipticai 
firnre  of  the  moon,  in  the  situation  mentioned,  it  must  be 
observed,  that  the  lays  from  the  extremity  of  its  faorizontM 
diameter,  strike  the  convex  surface  of  the  atmosphere,  and 
come  to  the  eye  with  an  equal  angle,  but  this  is  not  the  case 
with  the  rays  in  the  direction  of  the  vertical  diameter,  and 
therefiDre  a  distortion  takes  place.  A  watch-glass  fastened  upon 
the  surfiice  of  a  piece  of  phin  thin  glass,  and  the  vacuity  filled 
with  water,  will  illustrate  this  account  of  the  horizontal  moon; 
for  if  »  small  circle  be  made  on  a  slip  of  pftper,  and  the  circle 
be  held  upright  neariy  on  a  level  with  the  upper  surface,  while 
it  is  viewed  through  the  under  surface  of  the  plain  glass,  and 
at  the  same  time  through  at  least  half  the  diameter  of  the  water, 
the  circle  will  appear  elliptical,  enlarged  in  its  horisoalal  aoa 
86.  ToL.  I.  4  H 
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called  the  abandiom  of  %Al,  wabamOmof  ihejmddmt. 

The  abemtion  of  the  fixed  stan  was  dinofcred  bj  Dr. 
Bradley,  in  hit  attempts  to  ascertain  their  annual  parallax,  and 
he  explained  it  in  tne  following  manner:  He  imaginfri  CA^ 
fig.  7,  pi.  lY,  to  be  a  ray  of  light  filling  perpeadicawly  upon 
the  line  BD;  that,  iftbe^eisatiestatA,the  obje^  mm! 
appear  in  the  direction  AC,  whether  light  be  pcopapled  in  Ume 
or  in  an  instant.  Bat  if  the  eye  is  moTing  from  d  towards  A, 
and  light  is  propagated  in  time,  with  a  velocity  that  is  to  the 
velocity  of  tne  eye,  as  CA  to  BA ;  then  li^t  moviag  firom  C  to 
A,  wmbt  the  eye  moves  fifom  B  to  A,  that  particle  of  it  by 
which  the  object  will  be  discerned  when  the  eye  comes  to  iW 
is  at  C  when  the  eye  is  at  B.  Joining  the  pointi  BC,  he 
supposed  the  line  CB  to  be  a  tube,  inclined  to  the  line  BD  in 
the  angle  DBC,  of  such  diameter  as  to  admit  bat  one  particle  of 
light.  Then  it  was  easy  to  conceive,  that  the  particle  of  light  at 
(^  by  which  the  object  most  be  seen,  when  the  eye,  as  it  moves 
along  arrives  at  A,  would  pass  throvh  the  tube  BC,  if  it  is 
inclined  to  BD  io  the  angle  DBC,  and  accompanies  the  eye  in 
its  motion  from  B  to  A;  and  that  it  could  not  come  to  the  eve 

i>Iaced  behind  such  a  tube,  if  it  had  any  other  inclination  to  the 
ioe  BD.  If,  instead  of  supposing  C^  so  small  a  tuboi  we 
imagbie  it  to  be  the  axis  of  a  largeri  theui  lor  the  same  waien» 
the  paxticje  of  light  at  C  would  notpess  through  the  axis,  nnlesa 
it  is  inclined  to  BD  in  the  angle  CBD.    In  li&  manner^  if  the 
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eye  moved  tbe  contrary  way,  from  D  towards  A,  with  the  same 
Telocity,  then  the  tube  must  be  inclined  in  the  angle  BDC. 
Althongh,  theiefore,  the  true  or  real  place  of  an  object  is 
perpendicular  to  the  line  in  which  the  eye  is  movbg,  yet  the 
visiDle  place  will  not  be  so;  since  that  no  doubt  must  be  in  the 
direction  of  the  tube;  but  the  diffisrence  between  the  true  and 
apparent  place  will  be  greater  or  less,  according  to  the  different 
proportion  between  the  velocity  of  light  and  that  of  the  eye; 
so  tnat  if  we  could  suppose  that  light  was  propagated  in  an 
instant,  then  there  would  be  no  difeenoe  between  the  real  and 
visible  place  of  an  object,  although  the  eye  was  in  motion;  for 
for  in  that  case,  AC  being  infinite  with  respect  to  AB,  the  angle 
ACS,  the  difference  between  the  true  and  visible  place,  vanishes. 
But  if  light  be  propagated  in  time,  it  is  evident  from  the 
foregoing  considerations,  that  there  will  be  always  a  difierence 
between  the  real  and  visible  place  of  an  object,  unlen  tiie  eye  is 
moving  either  directly  from  or  to  the  object.  And  in  all- 
cases,  the  sine^  of  the  difierence  between  the  real  and  visible 
place  of  tbe  object,  will  be  to  the  sine  of  the  visible  inclination 
of  Uie  object  to  the  line  in  which  the  eye  is  moving,  as  the 
velocity  of  the  eye  is  to  the  velocity  of  light. 

Dr.  Biadkgr  then  shows,  that  if  the  earth  revolve  round  the 
sun  annually,  and  the  velocity  of  light  be  to  the  velocity  of  the 
earth's  motion  in^  its  orbit,  as  1000  to  1,  that  a  star  really 
placed  in  the  very  pole  of  the  ecliptic,  wouM,  to  an  eye  carried 
along  with  the  eartn,  seem  to  change  its  place  continually;  and 
neglecting  the  small  difierence  arising  uom  the  earth^s  diurnal 
levoitttion  on  its  axis,  would  seem  to  describe  a  circle  round 
that  pole,  every  way  distant  from  it  Sf;  so  that  its  longitude 
would  be  variea  through  all  tbe  points  of  the  ecliptic  every  year, 
but  its  latitude  would  always  remain  the  same.  Its  right 
ascension  vrould  also  change,  and  its  declination,  according  to 
the  different  situation  of  the  sun  with  respect  to  tbe  equinoctial 
points,  and  its  apparent  distance  from  the  north  pole  of  the 
equator^  would  be  7'  less  at  the  autumnal  than  the  vernal  equinox. 

The  greatest  alteration  of  the  place  of  a  star  in  the  pole 
of  the  ecUptic,  or  which,  in  eflect  amounts  (o  the  same  thmg, 
the  ptoportion  between  tbe  velocity  of  light  and  the  earth's 
motion  m  its  orbit  being  known,  it  will  not  be  difficult,  he  ob» 
serves,  to  find  what  would  be  the  difference,  upon  this  account, 
bdween  the  true  and  apparent  pbce  of  any  other  star  at  any 
time ;  and  on  the  contrary,  the  diffisrence  between  the  true  and 
apparent  place  being  given,  the  proportion  between  the  veiocitv 
or  light,  and  tbe  eaiu*s  motion  m  its  orbit  mav  be  found* 
— ^Therdfare,  since  the  i^parent  declination  of  the  star  v 
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DmeoMty  CM  accooftof  ibe  iix'iwiPE  pwf  t«tiuii  of  ligibt, 
would  be  to  the  duuDeler  of  the  littfe  drele  wUchaiiar  vo«ld 
OKB  to  docribe  about  the  pole  of  the  cdiplie,  asSETiolCr^l; 
thehidf oftUftttbeaiigfeACB.  Thi^dux9€ote^bnmg»r\% 
ACwiUbetoAB^thatis^the^doeity  oflight  mH  be  lo  the 
Tefaicitj  of  the  eje,  (or  the  wlodt j  of  the  euth  m  Us  aurad 
motioii)  at  10;210  to  1;  ham  which  it  fellawa,  thai  lighc  aMmt 
as  fitf  at  from  the  Mm  to  the  caith  ia  8*  19'.  By  the  mmw 
agfcemcBt  of  ■uhiplied  ohaufatioas^  Dr.  Biadlejr  prated  thk 
itatfaif  t  to  be  way  near  the  troth. 

The  abenmtioo  of  the  soa  aad  nhuiets  b  neoiMdendile,  becase 
while  the  Ught  ia  comiag  frooi  them,  theeaith  baa  omvod  bat  a 
little  waj;  yet  for  aecarate  calcolatioas,  it  is  always  takea  iata 
aecoant ;  the  soii*s  aberratioa  is  aboat  W,  that  bein^  the  space 
passed  over br  theeaith  while  his  l^rht  is  eomia^ io  os. 

Dr.  Bradky^s  exphmatioB  of  the  abenaftioB  of  the  faad 
stars,  was  no  sooner  propoapd  thaa  acerded  to  by  aH  philaa^ 
phers,  and  has  never  siaee  been  qnestioned.    The  pheaooieaoa 
IS  a  strong  proof  of  the  aaaoal  motion  of  the  earth  loaad  the 
son,  and  as  the  disoomy  of  it  so  jastiy  aives  celebrity  to  this 
astronoaier*s  name,  the  inadeat  which  enabled  him  to  explaio 
it  so  wcIL  and  which  is  given  by    Dr.    Thomaon,    in   his 
History  of  the  Royal  Society,  desmts  onr  notice.    It  shoao 
how  mnch  we  may  improve  by  habits  of  observatioB,  and  that 
the  most  common  occnrrenoss  may  fraqneatly  be  madesahier- 
vient  to  the  illostmtion  of  the  most  abstrase  points  of  phifosophy . 
When  Dr.  Bradley  had  diicovered  what  a  now  called  the 
aberration  of  the  fixed  stars,  and  had  even  complded  a  whole 
yearns  observatioas,  he  perplexed  himself  cotiimaaHy  withoat 
socress  to  find  oot  the  cause  of  the  phenomenoa.    At  last,  a 
satisfactory  explanation  of  it  at  oace  occnrred  to  ham,  whea 
he  was  not  in  search  of  it.     He  accompanied  a  pkasare-party 
in  a  sail  upon  the  river  Thames.     The  boat  ia  which  tfary 
were,  was  provided  with  a  mast,  that  had  a  vane  at  the  top 
of  it.  It  blew  a  moderate  wind,  and  the  party  sailed  ap  and  down 
the  river  for  a  considerable  time.    Dr.  Bradley  remarked,  that 
evety  time  tbe  boat  put  about,  the  vane  at  the  top  of  the  boat^ 
mast  shifted  a  little,  as  if  there  had  been  a  slight  ch««nge  in  the 
direction  of  the  wind.    He  observed  this  three  or  fear  tinMS 
without  speaking;  at  last  he  mentioned  it  to  the  sailors,  aad 
expressed  his  surprise  that  the  wind  ahoold  shift  so  regnhrty 
every  time  they  put  abont.    The  sailors  told  him  the  mad  had 
not  shifted,    but  that  the  apparent  change  was  owinc  to  the 
change  in  the  direction  of  the  boat,  and  assured  him  that  the 
same  thing  invariably  happened  ia  all  oases.     This  aocidental 
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observation,  led  him  justly  to  conclade,  that  the  pbenomenon 
waa  owing  to  the  combined  motion  of  light  and  the  earth. 

'^  Nutation  of  the  EariVs  AxU. 

The  discovery  of  the  aberration  of  the  fixed  stars,  was 
followed  up  by  Dr.  Bradley  with  an  almost  incessant  assiduity 
of  observation.  All  his  subsequent  investigations  afforded  con- 
firmations of  what  he  had  aovanced  on  the  subject;  and  bis 
perseverance  was  farther  rewarded,  in  his  own  opinion,  no 
doubt,  and  certainly  in  that  of  all  other  philoeophers,  by 
another  brilliant  discovery,  which  is  called  the  nutation  of  the 
earth^M  axis.  This  is  a  result  and  a  proof  of  tbe  spheroidal 
figure  of  the  earth.  The  moon,  exerting  a  greater  power  of 
attraction  on  the  equatorial  regions  of  the  earth,  than  on  tbe 
polar  regions,  because  the  mass  of  matter  at  the  equator  is 
greater  than  at  tbe  poles,  causes  a  libratory  motion  of  the 
earth's  axis,  the  inclination  of  which  io  the  ecliptic  is,  though 
in  a  very  small  d^ree,  continually  varying  backwards  and 
forwards,  so  that  its  extremity  describes  a  small  ellipse,  the 
jpeater  diameter  of  which  is  about  19",  1  and  the  less  14%& 
Thb  ellipse  is  described  in  the  same  time  as  a  cycle  of  the 
moon,  or  about  18  years  and  7  months. 

PrtctMikm  of  the  Equinoxes. 
When  we  examine  a  oekstial  globe,  we  find  that  all  the 
symbols  of  the  constelfaUioos  are  30  degrees  out  of  what  we 
should  consider  their  true  place,  or  from  the  constellations 
themselves.  This  apparent  irregularity  has  attained  its  present 
amount,  by  the  very  mw  accumulation  of  SO"  annually.  The 
reason  of  it  is,  that  the  sun  does  not  cut  the  equator  at  the 
same  point  every  year.  If  on  a  certain  day,  be  cuts  the  equa- 
tor in  a  particular  point,  he  will  on  the  same  day  of  tbe  following 
year  cut  it  in  a  point  50",S5  westward  of  the  former,  ana 
thereby  comes  io  the  eauinox  SO*  SS"  of  time  before  he  baa 
completed  his  ronnd  of  the  heavens,  or  gone  from  fixed  star  to 
fixed  star.  The  phenomenon  is  called  the  precensiotf  of  the 
t^umoxes.  It  makes  the  tropical  year,  or  tree  year  of  the 
seasons,  i^horter  than  the  revolution  of  tbe  sun,  or  sideiral  ^ear, 
brcavse  it  is  a  deviation  contrary  to  the  order  of  the  signs. 

^^  <•  •  .  ^  .A  •  M%  ■*  A^  .4    *flW 


But  the  intersect  ions  of  the  equator  and  the  ecliptic  are  still 
called  the  b^inning  of  Y",  and  the  beginning  or  ^.  tSooirk 
the  consteilalions  (bring  always  at  the  same  place)  are  actually 
at  the  distance  above  stated,   fiom  those  intersections.     Tho 

E recession  of  the  eqnmoxfs,  like  the  nutation  of  the  earth's  axisp 
I  produced  by  the  pratuberaaoe  of  the  equator;  for  when  tho 
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of  tteii|lH;M»wt»»<o  ft  ■ 
CM^tW  enter  qM 

at  thr  nie  of  50  ;S5  oKowl  aaamlj,  tke 

wiiilotiiM  ia  85,791  jrma,  vhea  tkr 

pniid.    la   iimiiiwii  «f  ft, 

wfckh  ■  tfe  Bifaacj  of 

lbs  (Belaihe  dncnpUMi  tka  ema  «f  thes. 

laiiMiniiBLiflfthepuniMa.ormregifcitioaof  tfcc 

iatittkaicK.  thranCk's 


tkr  daactrrof  wfeKk  acqari  to 
iBtkecciiptic.  or4T-.    TkiiMolioaaajbe' 
a  d^vM:    kt  NZSrL,  (ie.  I,  pL    Y,)  he 
SOS  A  ilsaxB,  pndaccd  talfeaany  heavoM,  aad 
IB  A,  the  pnaeat  BMtk  pole  af  the  heavtaa,  «hicl 
la  N,  the  aorth  pole  of  the  earth.    Lrt  EOQ  be  t_     , 
TsZ  1betio|NC  of  Caacer,  aMi  ¥Ty9  the  tnoic  af  C^moora: 
TOZ  the  cdiDtic,  aid  BO  its  azB,  which  w^  be 
■MMweafale,  lariaif  the  edinlic  iJvajs  PIMB  aifcr  the 
ilan.    Bat  as  the  egaiawtial  poiats  noede  ia  the  ^H^ifr^ 


eaith'saxB,  90N,  it  ia  aotiaa  noa  titt  earth's  ceafae  O,  ia 

d<Mfale 


the  doable  caw  NOaaadSO^ 
the  axis  of  the  ecliptic  BO,  ia  the  tiw  tU  the  cqai 


lial  poiati  Mave  raaad  the  ecliptic, 
ia  that  ki^th  of  tiM,  the  aorth  pole 
daetd,   dacribes  the  citde  ABCDu 

■aaHl  tbe  poleof  the  ediptic,  which  kecpa  iMwutaMr  ia  tte 
eeatie  of  Oat  dide.  The  earth's  axis  bdar  aeailr  SSf  * 
iacliBid  to  theaxis  of  the  ediptie,  theondt  ABODA,  dcRfflied 
hf  tbe  aorth  pole  of  the  earth'saxis  ptodaoed  to  A,  wil  theie> 
foie  be  alMrt  47*  ia  diaiarter,  or  doable  the  iacUaalioB  of  the 
carth'saxk.  la  caastgaiaue of  this,  the  poit  A,  which  k at 
paeMBl  the  aorth  pok  of  the  heaveM,  aad  kv  toastv  of  the 
secoad  Magoitade,  ia  the  cad  of  the  Littk  Bear's  tail,  nvtbe 
deserted  by  the  earth's  axk;  which,  aoriaf  back  oae  d^giee  m 
evcrjr  71'}  jean  aeariy,  will  be  diieeled  tavaids  the  star  or 
pnial  B  ia  6447^  yran  heaee;  ami  ia  doabfe  that  Omt,  or 
I8,i995i  yean,  it  will  be  directed  towards  the  star  or  poiat  C; 
which  will  thea  be  the  aorth  pok  of  the  hcascas,  akhaagfcil  ia 
■k  preseat  8i«  sooth  of  the  Muth  of  Loadoa  L.  The  pnnft 
positioa  of  the  eqaator,  KOQ  wiH  thea  bechaaccd  iatoeOf  s 
the  Inipic  of  CaMxr,  T^  iaia  ViS:  «■!  the  tiapK  oC 
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Capricorn^  ^  T  Vf,  into  I  Vf  Z ;  and  tbe  suo,  in  the  same  part 
of  the  heavens  where  he  u  now  over  the  earthly  tropic  of 
Capricorn,  and  makes  the  shortest  days  and  longest  nights  in 
the  northern  hemisphere,  will  then  be  over  the  earthly  tropic  of 
Cancer,  and  make  the  days  longest  and  nights  shortest.  So 
that  it  will  require  12,895|  years  yet  more,  or  25,791  years 
ftom  that  time,  to  bring  the  north  pole  N  quite  round,  so  as 
to  be  directed  towards  that  point  of  the  heavens  which  is 
vertical  to  it  at  present.  And  then,  but  not  before,  the  same 
stars  which  at  present  describe  the  e(]|uator,  tropics,  pohr  circles, 
&c.  by  tbe  eartn's  diurnal  motion,  will  describe  them  over  again. 

Of  Eclipses* 

Tbe  words,  transit,  occultation,  and  eclipse,  are  all 
employed  to  designate  the  same  general  phenomenon,  of  one 
heavenly  bodjjr  being  lost  sight  of,  either  wholly  or  in  part,  b^ 
the  interposition  of  another;  but  thev  are  not  used  inaiscrimi- 
nately.  The  word  iransii  denotes  the  passage  of  the  inferior 
plandts,  Venus  and  Mercury,  over  the  sun's  disc ;  occuU<aian  the 
disappearance  of  the  stars  or  planets  by  the  interposition  of  the 
noon ;  and  ecUpse^  1st,  to  the  obscnntion  of  the  moon,  when 
this  luminary  falls  into  the  earth's  shadow,  called  an  eclipse 
of  the  moon ;  Snd,  to  the  otiscuration  of  the  sun,  when  the 
earth  falls  into  the  moon's  shadow,  called  an  eclipse  of  the  sun ; 
and  Sd,  to  the  obscnratlon  of  the  satellites  of  any  of  the  planets, 
by  their  coming  within  the  shadows  of  their  vesfiiective  primaries. 
One  of  the  two  first  of  these  three  phemMnena  is  always  meant^ 
when  the  word  eclipse  is  used  alone. 

Eclipses,  like  comets,  were  formerly  the  objects  of  popular 
dread,  but  the  age  of  these  vain  tenron  u  now  gone  by,  because 
it  has  become  a  part  of  popular  belief,  that  ihey  happen 
according  to  the  common  course  of  nature,  which  beli^  is 
enforced  dv  tbe  notoriety  of  the  fact,  that  they  may  be  pre- 
~  with  precision,  like  the  alternations  of  day  and  night. 


EeSoies  of  the  Moan. 
As  the  earth,  like  aU  the  rest  of  the  celestial  bodies^  is 
gUbttlar,  the  son  can  only  odighten  one  half  of  it  at  once ;  and 
ue  bemiaphere  turned  from  the  sun,  will  cause  a  shadow  in  the 
r^ions  or  space,  on  account  of  the  light  intercepted  by  its 
opacity*  Ir  the  son  and  earth  were  of  the  same  siip,  this 
aoadow  would  be  alomst  cylindrical,  and  of  infinite  extent ;  it 
would  not  be  perfectly  cylindrical,  because  the  rays  proceed 
from  the  sun  divergently;  but  as  the  earth  is  so  much  less 
than  tke  S11B9  the  somIow  11  ooniody  and  thoogh  au^icieBt^ 
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leii^  to  reach  aad  aivdope  the  aoon,  il  doo  Ml  Mch  to  Oe 
pfanel  Man.  la  %.  S,  pL  Y,  S  if  thrnt,  B  the  eufk, 
mndMQmmoam.  The  daik  caakal  Arfow  toadtea  at/, 
jail  whoe  rays  fhm  the  appcr  aad  loacr  bmltm  of  them,  awr 
paM^  thecoaloarof  thecaith,  aeeliaapoiai:  oathewio 
of  ihii  caaical  shadov,  thoe  is  a  dihtrgmg  riaahm  a  A  c  cf,  tte 
deatky  of  which  ihnwaori  ia  pnyortiaa  at  it  laoedci  horn 
the  nda  of  the  former  cowcal  shadow;    this  is  called  the 


Wbea  the  nooa  pHKB  cadrelj  throagh  tte  caith*a  dhadow, 
the  ecfine  is  ia§at;  baft  whea  oaly  a  part  of  it  panes  through 
the  shaoow,  the  eclipse  is  partiaL 

The  qiaatitj  off  the  iaooB*s  disc  whkk  is  edipnd,  a 
CAuicsscd  bjr  tfnlfe  pails,  called  dMtf  /  that  is,  the  diac  is 
sapposed  to  be  dhridedbj  twelve  paialklliao;  theaif  halfOe 
disc  is  eclipsed,  the  qaaatilj  ^  the  edipse  is  said  to  be  six 
digits,  aad  so  of  other  psoportioos* 

Whea  the  diasBetcr  of  the  shadow  throagh  whidi  the  aMoa 
aiast  pan,  is  greater  thaa  the  diaaider  of  tte  laooa,  tfe 
qaaatity  of  the  eclipse  b  said  to  be  More  thaa  twelae  d^pts; 
thas,  if  the  diaaieter  of  the  aMoa  is  to  tint  of  the  shsdow  n 
isor  to  fire,  thea  the  ecKpse  n  said  to  be  15  digits. 

The  geoctal  phiaoHifaa  of  huntedipses  naj  be  damtd  m 
fiAows: — 1.  AH  loaar  edipses  are  auireisal,  or  saahfc  is  all 
parts  of  the  earth  which  have  the  aHiOB  above  the  honsoa;  aad 
aie  every-wheie  of  the  naie  nagaitade,  with  the  ssne  begUK 
Mi^  aad  cad.*-9.  Ia  all  laaar  eclipses,  the  esslera  side  is  tasft 
which  first  immeii^  aod  euwrges  i^ia ;  that  1^  the  VA  sUe  of 
•be  aioon  as  we  look  toward  har  tnm  tte  aodli ;  far  the  pioper 
aMtioa  of  the  amoa  beh^  swiftor  thaa  that  of  the  eaith'b 
shadow,  the  moon  approacMBS  it  fiom  the  west,  oveitakcs  ity-aad 
passes  tbroo^  it,  with  her  cast  side  fereiaost,  leaviag  (hfe 
shadow  briitnd,  or  to  the  wntwaid.-^^.  TfMl  edipses,  aad 
those  of  the  loagest  daration,  happea  ia  the  ▼ery.nocMB  of  the 
ecliptic,  becaose  the  section  of  tne  earth's  shadow  thea  laDiog 
on  the  moon,  is  considerably  larger  than  her  disc,  aad  the 
eclipse  is  moie  tban  19  digits.  There  may,  however,  be  totsl 
eclipses  withia  a  small  daHance  of  the  nodes;  bat  their  dma^ 
tion  is  the  len  as  they  are  fiMfther  from  then^  tM  ther  beeooe 
only  partial  ones,  and  at  last  the  nmoa  escapes  the  shadow.-— 
4.  The  moon,  even  in  the  middle  of  a  total  eoKpse,  is  na^ 
invisible,  irhen  the  sky  is  dear,  bnt  has  aa  appeanmoe  nsMs^ 
Ming  tarnished  copper;  this  appeamnoe  is  altribniad  to  the 
ra  vs  r^racled  by  the  earthV  htmotpbere  fato  the  shadow,  af 
%hioh  iitkiaso^Bendy  dimJaJshm  the  toiwaaiiy>- 
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btoonct  seosibly  paler  and  dimmer,  befoie  entering  ialo  tibe 
real  shadow;  tiiis  is  owing  to  the  peaumbra. 

If  (he  moon's  orbit  were  in  the  same  plaoe  as  the  cdiptic, 
or  plane  of  the  earth's  orbit,  she  would  go  through  the  middle 
of  the  earth's  shadow,  and  suffer  a  total  eclipse  at  every  full, 
and  would  be  totally  darkened  for  above  an  boar  and  a  half* 
But  one»half  of  the  moon's  orbit  is  elevated  five  degrees  above 
the  ecliptic,  and  the  other  half  as  much  depressed  below  it; 
consequently  the  moon's  orbit  intersects  the  ecliptic  only  in  the 
two  points  before  mentioned,  called  the  nodes.  When  either  of 
thete  points  is  in  a  right  line  with  the  centre  of  the  snn,  at  new 
or  full  moon,  the  sun,  moon,  and  earth,  are  all  in  a  right  line; 
nod  if  the  moon  be  then  full,  she  falls  into  the  earth's  shadow. 
When  the  moon  is  more  than  12^  from  either  of  the  nodes  at 
the  time  of  full  moon,  she  is  then  generally  too  high  or  too 
low  in  her  orbit  to  go  through  any  part  of  the  earth's  shadow^ 
and  no  eclipse  ocean*  But  whea  she  is  less  than  1^^  from 
oither  node  at  the  time  of  opposkioo  or  full,  she  ffon  Ihroogh  a 
greater  or  less  portion  of  this  shadow  as  she  is  moie  or  leas 
within  this  limit.  Her  orbit  contains  360^,  of  which  IS^,  the 
limit  of  lunar  eclipses  on  either  side  of  the  nodes,  are  but  smaH 

Crtions,  and  therefore  as  the  son  comoioniy  passes  the  nodes 
t  twice  in  a  year,  it  is  not  extraordinary  that  the  eclipses  are 
ao  Csw  in  number. 

The  eclipses  of  the  moon,  as  observed  above,  are  visible 
£rom  all  parts  of  tbe  earth  that  have  tJw  moon  above  tbe  horixon 
at  the  time,  and  wherever  observed,  they  are  of  e^ual  extent; 
bat  the  time  at  which  they  are  seen,  differs  with  the  d^renoa 
of  longitnde,  in  the  same  manner  as  the  observathms  of  the 
aatelliles  of  Jopilsr,  mentiooed  in  nan  656,  and  therefore  thef 
nae  of  similar  use  in  determining  lie  longitnde  of  places  on  the 
earth.  The  lunar  eclipses  am  very  variable  in  cuntttion,  but 
exceed  two  honis. 


EdipK9  of  ike  Stm» 
An  the  light  of  the  son,  in  its  passage  to  the  earth,  can  onlj 
be  intercepted  by  the  moon,  when  the  osoen  is  in  cot^onction 
with  the  snsi,  therefore  an  eclipse  of  the  sun,  or  the  falling  of 
the  earth  into  the  hiood's  shadow,  can  only  occur  at  new  moon. 
The  moon  being  a  body  similar  to  the  earth,  its  shadow  and 
pennmbra  are  lihe  those  occasioned  by  the  earth.  This  is 
shown  bv  fig.  S,  plate  V.  bat  as  the  moon  is  less  than  the  earth, 
it  could  n<rt,  however  near,  intercept  tbe  whole  of  I  ha  sun's 
light  bom  the  earth,  therelbse,  at  the  distance  of  840,000  miles, 
and  casting  a  conical  shadow,  a  total  eclipse  nftsfs  bataanBaU 
26.  Vol.  I.  41 
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Crt  of  the  earth  at  once,  and  even  the  penumlwa  is  lar  firoa 
inir  broad  enough  to  cover  the  whole  terrestrial  disc 
The  quantity  of  a  solar  eclipse  is  estimated  hy  digits,  like 
an  eclipse  of  the  moon. 

The  general  circumstances  of  solar  eclipses  are  the  folkmring : 
1.  None  of  them  are  onivenal ;  that  is,  none  of  them  aie  seea 
throughout  the  whole  hemisphere  which  the  sun  is  then  ahove. 
Commonly  the  moon's  dark  shadow  covers  only  a  spot  on  the 
earth's  surface,  about  180  miles  broad,  as  indicated  by  6g.  S, 
when  the  sun's  distanoe  is  greatest,  and  the  mouo's  least ;  bat 
lier  partial  shadow  or  penumbra,  may  then  cover  a  drcaisr 
space  of  4900  miles  in  diameter,  within  which  the  aan  b  more 
or  less  eclipsed,  as  the  places  are  nearer  to  or  further  from  the 
'^centre  of  the  penumbra*  In  this  case,  the  axis  of  the  sbsde 
«|i8feses  through  the  centre  of  the  earth,  or  the  new  moon  hap* 
pens  exactly  in  the  node,  and  then  it  is  evident  that  the  sedioa 
of  the  shadow  is  circular;  but  in  every  other  case,  the  coaicsl 
shadow  is  cut  obliquely  by  the  surface  of  the  earth,  and  the 
aection  will  be  elliptical. — 8.  A  solar  eclipse  does  not  appear  the 
same  in  all  parts  of  the  earth,  where  it  is  seen,  bat  wbea  in 
one  place  it  is  total,  in  another  it  is  only  partial.  Abo, 
when  the  moon  appears  much  less  than  the  sun,  as  is  chiefly  the 
case  when  she  is  in  apogee  and  he  in  perigree,  the  vertex  or  the 
lunar  shadow  is  then  too  short  to  reach  the  earth,  aad  thoofk 
she  be  in  a  central  conjunction  with  the  sun,  isyttnoUarne 
enough  to  cover  his  whole  disc;  the  portion  we  lee  of  him 
resembles  a  lucid  ring  or  bracelet,  an  appearance  oooititAtiag 
what  is  called  an  amiular  eclipse. — S.  A  solar  edipse  does  not 
happen  at  the  same  time  in  all  places  where  it  is  seen ;  bit 
appears  more  early  to  the  western  parts  than  the  eastern,  as  the 
snotion  of  the  moon,  and  consequently  of  her  shadlow,  is  tram 
west  to  east. — 4.  In  most  solar  eclipses,  the  moon's  disc  b 
covered  with  a  faint  light,  which  b  attributed  to  the  refleolioa 
of  the  light  from  the  illuminated  part  of  the  earth. — 5.  In  total 
eclipses  of  the  sun,  the  moon's  limb  b  seen  surrounded  by  a 
pafe  circle  of  light;  which  some  astronomers  consider  as  an 
indfcatton  of  a  folar  atmoNphere,  because  it  has  been  obseired 
to  move  equally  with  the  sun,  and  not  with  the  mooa. 

Solar  eclipses  do  not  happen  at  every  new  mooa,  far  the 
same  reason  that  lunar  eclipses  do  not  happen  at  every  Adl 
mnon,  that  b,  because  the  orbit  of  the  moon  b  not  coineideat 
with  the  ecliptic,  except  in  the  two  nodes;  but  adhur eoii|iaei 
may  happen  at  the  dbtanceof  17^  from  the  nodes,  which  ba 
range  of  5^  an  either  side  more  than  the  arc  that 
the  lunar  eclipses. 
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'  Tbe  moon's  apparent  diameter  when  lar^^eat,  exceeds  the 
8Qn*s  when  least,  on(jr  1'  S8" ;  and  in  the  greatest  eclipse  of  the 
sun  that  can  happen  at  anj  time  and  place,  the  total  darkness 
continues  no  longer  than  whilst  the  moon  is  going  1'  38"  of  a 
dcgrpe  in  her  orbit,  which  is  about  S  13"  of  an  hour. 

When  the  penumbra  {a  6,  fig.  3)  first  touches  theearth,  the 
general  eclipse  begins;  when  the  penumbra  leaves  the  earthy 
the  general  eclipse  ends ;  from  the  beginning  to  the  end,  the 
san  appears  edipaed  to  some  part  of  the  earth  or  other.  When 
the  penumbra  touches  any  place,  the  eclipse  begins  at  that 
place,  and  ends  when  the  penumbra  leaves  it.  When  the  moon 
changes  in  the  node,  the  penumbra  goes  over  the  centre  of  the 
earth's  disc  as  seen  from  the  moon;  and  consequently,  by 
describing  the  longest  line  possible  upon  the  earth,  continues 
the  longest  upon  it,  namely,  at  a  mean  rate,  5  hours  60';  longer, 
if  tbe  moon  be  at  her  greatest  distance  fiom  the  earth,  because 
she  then  moves  slowest;  not  so  long,  if  she  be  at  her  least 
distance,  because  of  her  quicker  motion. 

The  general  phenomena  of  eclipses  will  perhaps  be  made 
still  plainer  by  reference  to  the  diagram,  fig.  4,  pi.  V.  Let 
8  be  the  sun,  E  theearth,  M  the  moon,  and  AMP  tbe  moon's 
orbit.  Drew  the  right  line  We  from  the  western  side  of  the  sun 
at  W,  tout  hing  the  western  side  of  tbe  moon  at  r,  and  the 
earth  at  e :  draw  also  the  right  line  V</,  from  the  eastern  side 
of  the  son  at  V,  touching  the  eastern  side  of  the  moon  at  </, 
and  the  earth  at  e;  the  dark  spare  cedy  included  between  those 
lines,  is  the  moon's  shadow,  ending  in  a  point  at  e,  where  it 
touches  the  earth ;  because  in  this  case  the  moon  is  supposed  to 
change  at  M,  in  the  middle,  between  A,  the  apogee,  or  farthest 
point  of  her  orbit  from  the  earth,  and  P,  the  perigree,  or  nearest 
potnl  of  it.  But  as  any  point  of  the  moon's  orbit  may  be 
directed  to  the  son,  if  the  point  P  had  been  at  M,  tbe  moon 
wooU  of  course  have  been  nearer  the  earth,  and  her  dark  sha* 
dow  at  e  would  Lave  covered  a  space  upon  it  about  180  miles 
broad,  and  the  sun  would  for  a  time  be  totally  darkened ;  but 
had  the  point  A  been  at  M,  the  moon  would  have  becii  farther 
Irrnn  the  earth,  and  her  shadow  would  have  ended  in  a  point  a 
little  above  e,  and  therefore  the  sun  would  have  appeared  like 
a  lominoos  ring  all  round  the  moon.  Draw  the  rigfit  lines  WX 
dA,  and  VX  eg,  touching  the  contrary  sides  of  the  sun  and 
moon,  and  ending  on  the  earth  at  a  and  b\  draw  also  the  right 
line  SXM,  from  the  centre  of  the  sun's  disc,  through  the 
moon's  crntre*  to  the  earth ;  and  suppose  the  two  former  lines 
WX  dh  wkA  VX  rg  to  revolve  on  the  line  SXM  as  an  axis, 
and  thdr  poiiita  a  and  b  will  dcacprihB  the  liaits  of  the  penumtea 
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TT  on  the  earth'a  rariabe,  inclading  the  hrgc  spaoe  «  6  /  wiihu 
wkich  peniimbra  the  son  appears  more  or  len  ecUpeed,  as  the 
phces  are  more  or  less  distant  from  its  Terse. 

Draw  the  right  line  y  IS  across  tbesan^s  disc,  perpendicohr 
to  SXM,  the  axis  of  the  pennrobra ;  then  diTide  the  liney  19 
into  Iwdve  eqnal  parts,  as  in  the  figure,  for  the  twelve  digits  or 
eqaal  parts  oT  the  san's  diameter;  and,  at  eqaal  distances  fioa 
the  centre  of  the  penombra  at  e,  on  the  earth's  snriaoe  Y  Y,  to 
its  edge  a  b^  draw  18  concentric  circles,  marked  with  the  nnn^ 
ral  fibres  1  to  12,  and  remember  that  the  roooa's  motioa  in  her 
orbit  AMP,  is  from  west  to  east,  as  from  M  to  P ;  then,  to  aa 
obseryer  on  the  earth  at  6,  theeastem  limbaf  Uienoon  atii^ 
seems  to  tooch  the  western  limb  of  the  son  at  W,  when  the 
moon  is  at  M ;  and  the  son's  eclipse  begins  at  h;  but  at  the 
same  moment  of  absolute  time,  to  an  observer  at  a,  the  weitera 
edge  of  the  moon  at  c  leaves  the  eastern  edge  of  the  ann  at  V. 
At  the  very  same  iastant,  to  all  those  who  live  on  the  cifcb 
marked   1   on  the  earib,  the  moon  M  cats  off  or  darkens  a 
twelfth  part  of  the  son  S,  and  eclipses  him  one  digit;  to  those 
who  lire  on  the  second  circle,  the  moon  cats  off  two  digib; 
to  those  on  the  circle  3,  three  digits ;  and  so  on  to  the  centre  at 
18,  where  the  son  is  centrally  eclipsed.    It  is  evident  by  the 
figure,  that  the  son  is  totally  or  ceotiaHy  eclipsed  but  to  a 
small  pait  of  the  eaith  at  any  time,  because  the  dark  ooaiial 
shadow  at  e  of  the  moon  M,  falls  but  on  a  small  part  ct  tha 
earth,  even  when  it  covers  the  largest  spaoe  possible;  and  that 
the  naitial  ecKpee  is  confined  at  timt  time  to  the  space  inclnded 
by  the  circle  a  6,  of  which  only  one  half  can  be  progeoled  in 
the  figure,  the  other  half  beinr  supposed  to  be  hidden  by  the 
convexity  of  the  earth  E:  and  likewise,  that  no  part  of  the 
tan  iseclipsed  to  the  laige  space  Y  Y  of  the  earth,  beoaase  the 
HMion  is  not  between  the  son  and  any  of  that  part  of  the  eaitfi} 
and  therefore  io  all  that  part  the  eclipse  is  invisible,    fkt  esitk 
turns  eastward  on  its  axis,  as  from  gf  to  A,  which  is  the  same 
way  that  the  moon's  shadow  moves;  but  the  moon's  motioa  ii 
her  orbit  is  much  swifter  than  the  earths  on  its  a&is;  and  Itoi^ 
fore,  although  eclipses  of  the  snn  are  of  loager  doiaikm,  oa 
account  of  the  earth's  motion  on  its  axis,  timn  they  wooM  be 
if  that  motion  were  stopped,  yet,  in  four  minntes  of  time  atthe 
most,  the  moon's  swifter  motion  oarries  her  dark  shadow  qoiit 
over  any  place  diat  its  centre  toaohes  at  the  tiase  of  guilHt 
obscuration.    The  motion  of  the  shadow  oa  the  oarth'a  dhc,  il 
eqnal  io  the  moon's  motion  from  the  ann,  which  is  abont  90f 
of  a  degree  every  hour  at  a  mean  rale;  but  so  asneh  of  the 
maoa's  orbit  is  ttfuk  to  SOi  dcgnm  of  a  gamtrnf^  m^ 
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Scenery  of  natare,  during  a  solar  eclipse,  delineated. 

ttaih ;  and  therefore  the  moon's  shadow  goes  dO|  deyifrees,  or 
18S0  geofrraphical  miles,  on  the  earth  in  an  hour,  or  dOf  miles 
in  a  minute,  which  is  about  four  times  as  swift  as  the  motion  of 
a  cannon-ball. 

Descripticm  of  a  total  Eclipse  of  the  Sun. 

As  total  eclipses  of  the  sun  are  very  rare  phenomena,  We 
shall  here  give  the  excellent  description  of  one  sent  by  Dr. 
Btukeley,  to  his  friend  Dr.  Edmund  Halley •  Its  general  interest 
is  much  increased  by  the  circumstance  that  the  author,  from 
being  unprovided  with  instruments,  describes  the  spectacle 
rather  as  a  general,  though  intelligent,  observer  of  nature,  than 
an  astronomer. 

**  According  to  my  promise,  I  send  you  what  I  observed 
of  the  solar  eclipse,  though  I  fear  it  will  not  be  of  any  great 
use  to  you.  I  was  not  prepared  with  any  instruments  for 
measuring  time  or  the  like,  and  proposed  to  myself  only  to 
watch  all  the  appearances  that  nature  would  present  to  the 
naked  eye  upon  so  remarkable  an  occasion,  and  which  generally 
are  overlooked,  or  but  grossly  regarded.  I  chose  for  my 
fetation  a  place  called  Haradon  Hill,  two  miles  eastward  from 
Amsbury,  and  full  east  from  the  opening  of  Stonehenge  avenue^ 
to  which  it  is  as  the  point  of  view.  Before  me  lay  the  vast 
pkin  where  that  celebrated  work  stands,  and  I  knew  that  the 
eclipse  would  appear  directly  over  it;  besides  I  had  the  advan« 
tage  of  a  very  extensive  prospect  every  way,  this  being  the 
highest  hill  hereabouts,  and  nearest  the  middle  of  the  shadow; 
foil  west  of  me,  and  beyond  Stonehenge,  is  a  pretty  copped 
hill,  like  the  top  of  a  cone,  lifting  itself  above  the  horizon ; 
this  is  Clay-hill,  near  Warminster,  80  miles  distant,  and  near 
ike  central  line  of  darkness,  which  must  come  from  thence,  so 
that  I  could  have  notice  enough  before-hand  of  its  approach. 
Abraham  Sturgis  and  Stephen  Ewens,  both  of  this  place,  and 
■ensible  men,  were  with  me.  Though  it  was  very  cloudy,  yet 
BOW  and  then  we  had  gleams  of  sunshine,  rather  more  than  I 
could  perceive  at  any  other  place  around  us.  These  two  per* 
ions  looking  through  smoked  glasses,  while  I  was  taking  soma 
bearings  of  the  country  with  a  circumferentor,  both  oonfi- 
dently  affirmed  the  eclipse  was  bqnm,  when  by  my  watch  I 
found  It  just  half  an  hour  afler  5 ;  and  accordingly,  from  thence 
the  progrrts  of  it  was  visible,  and  very  often  to  the  naked  eye; 
(he  thin  doutls  doing  the  office  of  glassei.  From  the  time  of 
the  sun*s  body  being  half  covered,  there  was  a  very  conspicoooi 
circular  iris  round  the  sun  with  perfect  colours.  On  all  sidesy 
WIS  beheld  Ike  ibepherdi  hurrying  their  flocks  ial#  SM^  IM 
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cciip«e  far  aa  bo«r  aad  a  quarter. 

^  Wbn  tbe  m  looked  ^rwj  sharp  likr  a 
d[j  m  pn-tt J  dear  ia  ikit  «|Mit ;  bol  soon  alWr  a 
Ctffwcd  it^  it  vhidi  t«aK  the  iris  vani^kd,  thr  copped 
In  fall  awaiawird  fjem  ^kwj  dark,  to^kr  with  tke  baoaoa  am 
both  Mdca,  thart  is  to  the  north  aad  «oath«  aad  hMkcd  Uar; 
ymX  m  it  a|>pean  ia  ihr  raat  4t  thr  ticcArawoa  of  day.  We 
had  oearvae  time^  lell  lea,  whis  Sdi&iNirj  steeple,  «z  aiiki  oC 
aoathwanl,  hrcane  veij  black :  the  copped  hill  quite  lort,  aad 
lebioaij  aiidit  muh  foil  canrr,  came  apoa  aa.  Ai  thii 
aPT  knt  sijdit  of  the  mb,  whose  pboe  aaone  the  dovh 
waft  hfthcfto  soflfeicatlj  distingobbable,  bat  aov  aat  the  Irait 
tiace  of  it  to  be  feand,  ao  roote  thaa  if  really  abHBt :  thea  I 
fliw  fay  aiy  watch,  thooi^b  W'tb  diflfeuity,  aad  oaiy  bf  hdp  of 
aome  lit^i  fron  the  oorthrra  qoafter,  that  it  was  6  hoars  35 
■linoles.  Jait  befoie  this,  the  whole  compaso  of  the  hesseas 
aad  earth  looked  of  a  lurid  oomplezion^  pnipeHy  ipfakiii|^, 
tor  it  was  black  aad  Uae,  only  on  the  earth,  apnn  the  horiaoa, 
the  Mae  pfcrailed ;  there  was  likewise  in  the  heafens,  aaMmethe 
doads  noch  green  iaterspersed,  ao  that  the  whole  appearaaoe 
was  really  very  dicadfnU  aad  as  symptoms  of  sickeaiae  nafaie. 

^*  Now  I  pererifed  as  inrolved  in  total  darkne»  and  palpa* 
Ue,  as  I  any  >ptly  call  it;  though  it  came  quick,  j€i  I  was  so 
intent,  that  I  couM  perceire  its  steps,  and  fioel  it  as  it  were  drop 
npon  as,  and  tall  oa  the  right  shoolder  (we  lookiag  ac»tward) 
like  a  great  dark  mantle  or  coverkt  of  a  bed  thioan  over  as,  or 
like  the  drawiag  of  a  curtain  on  that  side;  aad  the  horses  wo 
held  in  oar  hands  weie  very  sensible  of  it,  aad  crowded  dosa 
to  OS,  startling  with  great  surprise;  as  mach  as  I  could  see  of 
the  raen*s  filers  that  stood  by  me,  had  a  horrible  wspedL  At 
this  instant  I  looked  around  me,  not  without  exchroatioas  of 
admiration,  and  could  discern  cotours  in  the  heavens,  bat  tlia 
earth  had  lost  its  blue,  and  was  wholly  black;  for  some  time 
among  the  clouds,  there  were  visible  streaks  of  rays  tendirig  to 
the  plaoeof  the  sun  as  their  centre;  but  immeilialely  after,  the 
whole  appearance  of  earth  and  sky  was  entirely  Iriack :  of  all 
things  I  ever  saw  in  my  lifir,  or  can  by  imaginatioa  fancy,  it 
was  a  sight  the  moi^t  tremendous. 

,  *^  Toward  the  north-ni^est,  whence  the  edrpse  came,  I  coold 
Bot  in.  the  least  find  any  distinction  in  the  horiaoo  bet  area 
heaven  and  earth,  for  a  eood  breadth  of  about  sixty  decrees  or 
aM>re;  nor  the  town  of  Amsbury  underneath  ns,  nor  scarce  the 
gTonnd  we  trofi  on.  I  turned  myself  round  several  times  daring 
this  total  darkncasy .  and  remarked  ai  a  good  distance  irasa  tha 
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west  on  both  tides,  that  is  to  the  north  and  south,  the  horizon 
yery  perfect ;  the  earth  being  black,  the  lower  part  of  the  hea* 
Tens  light;  lor  the  darkness  above  bnn^  o?er  us  like  a  canopy, 
almost  reaching  the  horizon  in  tbone  parts,  or  as  if  made  with 
skirts  of  a  lighter  colour;  so  that  the  upper  edges  of  all  (he  hills 
were  as  a  black  line,  and  i  knew  them  very  distinctly  by  their 
shape  or  profile;  and  northward  I  saw  perfectly,  that  the  inter- 
val of  light  and  darkness  in  the  horizon  was  between  MartinsaU 
kill  and  St.  Ann*s  hill;  but  southward  it  was  more  indefinite. 
I  do  not  mean  that  the  yerge  of  the  shadow  passed  between 
those  bills,  which  were  but  18  miles  distant  from  us;  but,  so 
fiir  I  cottid  distinguish  the  horizon,  b(*yond  it  not  at  all :  the 
reason  of  it  is  this :  the  elevation  of  ground  I  was  upon,  gave 
me  an  opportunity  of  seeing  the  light  of  the  heavens  beyond 
tlie  shadow ;  nevertheless,  this  verge  of  light  looked  of  a  dead, 
yellowish,  and  greenish  colour;  it  was  broader  to  the  north 
tban  south,  but  the  southern  was  of  a  tawny  colour.  At  this 
time  behind  us,  or  eastward  toward  London,  it  was  dark  too, 
inrhere  otherwise  I  could  seethe  hilb  beyond  Andover;  for  the 
foremost  end  of  the  shadow  was  past  thither ;  so  that  the  whole 
liorizon  was  now  divided  into  four  parts  of  unequal  bulk,  and 
degrees  of  light  and  dark:  the  part  to  the  north- west  broadest 
and « blackest;  to  the  south*west  lightest  and  longest.  All  the 
change  I  could  perceive  during  the  totality,  was  that  the  hori* 
ion  by  degrees  drew  into  two  parts,  light  and  dark ;  the  northern 
hemisphere  growing  still  longer,  lighter,  and  broader;  and  the 
two  opposite  dark  parts  uniting  into  one,  and  swallowing  up 
the  soutoem  enlightened  part. 

**  As  at  the  oeginning,  the  shade  came  feelingly  upon  our 
right  shoulders,  so  now  the  light  from  the  north,  where  it  opened 
as  it  were;  thongh  I  could  discern  no  defined  light  or  shade 
apon  the  earth  that  way,  which  I  earnestly  watch^  for,  yet  it 
was  manifestly  by  degrees,  and  with  oscillations,  goiog  badL  a 
little,  and  quickly  advancing  further,  till  at  length,  upon  the 
irst  lucid  point  appearing  in  the  heavens,  where  the  sun  was,  I 
could  distinguish  pretty  plainly  a  rim  of  light  ruaoing  along 
aide  of  us  a  good  while  together,  or  sweeping  by  at  our  elbows 
from  west  to  cast;  just  then  having  good  reason  to  suppose  the 
totality  ended  with  us,  I  looked  on  my  watch,  and  fonnd  it  to 
be  full  three  minutes  and  a  half  more.  Now  the  hilUtops 
changed  their  black  into  blue  again,  and  I  could  distinguish  an 
horizon  where  the  centre  of  darkness  was  before ;  the  men  cried 
out,  they  saw  the  copped  hill  again,  which  they  had  eagerly 
looked  fot;  but  still  it  oontinoed  dark  to  the  sottth-east,  yet  I 
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The  attronomieal  and  cif  il  day. 


Division  op  Timb. 

Time  is  distinipiisbed  into  absolute  and  rebUhe. 

Abflolttte  time,  is  time  considered  in  itself,  and  withont  any 
relation  to  bodies  or  tbeir  motions. 

Relative  time,  is  the  time  measnied  by  means  of  motion, 
as  by  the  motion  of  the  heatenly  bodies,  timekeepers,  See* 
Motion  affords  us  the  only  means  we  possess,  of  rendering  th« 
flow  of  absolute  time  perceptible. 

Asironfwiical  Hme^  is  that  measured  by  the  motion  of  the 
heavenly  bodies. 

Civil  time^  is  astronomical  time  accommodated  to  civil  uses, 
and  formed  and  distinguished  into  days,  months,  years,  &c. 

♦ 

Of  ike  Datfj  and  smaller  portiont  of  Time, 

In  common  language,  the  day  is  the  interval  of  time  which 
elapses  from  the  rising  to  the  setting  of  the  sun;  this  is  called 
the  ariffidal  day^  the  night  is  the  interval  that  the  son  continues 
below  the  horizon. 

The  time  which  elapses  during  an  entire  revolution  at  the 
sun,  from  a  meridian  to  the  same  meridian  again,  is  called  an 
§$lro9tomical  or  natural  day.  It  commences  at  12  o'clock  at 
noon,  when  the  sun's  centre  is  on  the  meridian,  and  terminate* 
at  the  next  noon,  when  the  sun's  centre  is  again  on  the  meri« 
dian.  It  is  divided  into  91  hours,  reckoning  in  a  numerical 
succession  from  1  to  S4 ;  the  first  IS  are  sometimes  distinguish- 
cd  by  the  mark  P.  M,  signifying  posi  meridiem^  or  afternoon ; 
and  the  latter  twelve  are  mailed  A.  M.  signifying  ante  mendiemf 
or  before  noon.  But  astronomers  geneially  reckon  through  the 
S4  hours,  from  noon  to  noon;  and  those  hours  which  are  by 
the  civil  or  common  way  of  reckoning  called  morning  hours, 
they  reckon  in  succession  from  IS,  or  midnight,  to  24  liours* 
Thus  10  o'clock  in  the  morning  of  June  the  11th,  they  would 
call  the  82nd  hour  of  June  the  lltb. 

The  length  both  of  the  astronomical  and  the  civil  day  is 
constantly  changing.  This  variation  arises  from  two  causes: 
1.  The  unequal  motion  of  the  earth  in  its  orbit.  8.  The  obli^ 
quity  of  that  orbit  to  the  pkine  of  the  equator.  The  mean  and 
apparent  solar  days  are  never  equal,  except  when  the  sun's 
daily  notion  in  right  ascension  is  59^  8'.  This  is  (he  case  about 
April  16,  June  16,  September  1,  and  December  25:  on  these 
days  the  difference  vanishes  or  nearly  so.  It  is  at  its  greatest 
about  November  1,  when  it  is  16'  16". 

An  astronomical  day  is  somewhat  greater  than  a  sidereal  day^ 
which  is  the  time  employed  by  the  earth  in  revolving  on  its 


618 


ASTIIOIfO>lfT. 


DivisMM  «r  tnir^^The  4ay. 


sjctt,  aad  is  ai  all  linm  of  the  year  inunvlabij  the  naM.  It 
will  eastlj  be  mideralood,  that  at  every  oonplele  ittatm  aC 
(be  earth,  the  same  fixed  itara  will  be  oa  the  meridiaa ;  bat 
that  thb  caaaot  be  Che  case  with  the  aaa,  hrraiL,  darm^  the 
earth's  iiitatioa,  the  sun*  has  advanced  eaatwaid  aad  IcAlhe 
alar,  and  thevrfore  the  earth  has  to  mahe  sooiewhat  ohnc  thaa 
one  torn  befeie  the  son  comes  a  seooml  time  to  the  same  meri* 
dian.  If  the  mean,  astroBomical  or  ciril  daj  be  taken  eq«al  to 
S4  honiSy  thednratioo  of  the  sidereal  daj  will  beSSh.  56*  4%l. 
Benoe  a  star  which  was  on  the  meridian  with  the  saa«  will 
be  on  the  meridian  S  56"  before  the  next  noon;  3^  50*  hmmg 
the  dilfeienoe  between  a  solar  and  sidereal  day. 

The  civil  day,  or  astronomical  day  acoommodaled  to  ciril 

Erpoaes,  bej^ns  with  different  nations,  at  difiecent  timfs:  The 
yptians  bq^an  their  day  at  midniebt;  the  same  mKhod  pi»> 
iraib  in  Great  Britain,  France,  Spain,  and  most  psits  of 
Europe*  The  Babylonians  hezttn  thew  day  at  s«n«risiapy  mv 
honing  the  boor  inunedtalely  before  its  risins^  ^^Of  the  Shh 
hourot  the  day,  whence  the  boors  reckoneil  in  this  way  are 
called  the  Babylonic  In  several  parts  of  Germany  and  Italy, 
they  begin  their  day  at  snn-settii^,  and  reckon  on  till  it  sets 
next  day,  calling  that  the  21th  hour:  there  are  gcneially termed 
Italian  boon.  The  Jews  ako  be|i:an  their  day  at  sn»>settaBf ; 
bat  then,  like  ns,  they  divided  it  into  parts  of  12  boon  eacA. 
The  Romans  also  reckoned  their  hoars  in  this  manner,  uad  the 
Turks  do  the  same  at  this  day. 

An  hoar  may  be  considered  either  as  an  oiaal  or  aaeqaal 
portion  of  time.  Equal  hours,  or  there  in  common  nse,  are  the 
tnvniy-foatth  part  of  a  day  and  nii^ht  precwely.  They  are 
likewire  called  equinoctial  hour^  becanre  they  are  measured  oa 
the  equinoctial;  and  astronomical,  becanre  used  by  astraoomen. 
Unequal  houn  are  thaw  by  which  the  artificial  dby  m  dirided 


•  NdlUas  k  ■»!«  conmioB  in  Mtnmoaifal  tiMtMo,  tea  to  nifl  ^  *• 

— **^  .  i?~^*"  ■!;••«*"■»*  kecwK  It «  eMfly  cMWaed.  S  Z 
•m^wotioa,  hke  that  of  the  ahore  to  »  penoa  in  «  aUis  -  Triifrmiimi_L  T- 
leal  notioo  belonsias  to  tlie  earth,  which  m  diimat  Tif  tinm^QfTiTZ? 
nrccMrily  iodnces  the  terrestrial  spectator  to  tranrfcr  the  titmtiea  oT^TZ. 
to  adiffereat  pontion  to  the  sphere.  It  is  as  aecomodatioB  to  the  niiLiMi 
tcttiaMBy  of  oar  acasca,  that  iotrodaees  ao  eo^tasioa  of  ideas*  b^  '-  -^  - 

the  saaM  tia^,  that  evea  ia  this  day,  a  aode  of  speech  Jbte.^  ^^^^ 
that  In  early  ages  was  certaioly  piiiapfniiih  .  vhmtba  sm  in^ 
itsad  stilly  aad  YirtaaOy  obeyed.;      '  w-i-i«i.»wa 
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Dirision  of  time.— The  week. — The  nontli. 


into  ISparis,  and  the  ni^ht  into  (he  same  number.  As  it  is  only 
at  the  tjnlte  of  the  equinoxes  thai  the  artificial  day  is  equal  to 
the  night,  Ihey  will,  except  at  these  times,  be  always  either 
increasing  or  decrea>ing. 

The  li«iur  is  ^lividnl  into  60  equal  parts  called  rmnutes;  each 
nimite  into 60  rqiial  parts  called  seconds,-  and  each  4«cond  into 
GO  equal  parts  called  thirds.  The  Jews,  Chaldeans,  and  Ara* 
bians,  divideil  ibe  hour  into  1080  rqnal  parts,  cnlMsmepies; 
which  number  containing  18  times  (K),  eack  minute  contains 
18  scruples. 

Of  the  Week. 
Various  dirisiona  of  this  sort  have  obtained  in  different 
countries,  and  at  diflerent  times.  The  early  Greeks  divided 
their  month  into  three  portions  of  about  ten  days  each ;  the 
Northern  Chinese  had  a  week  4>f  fifteen  days,  and  the  Mexi* 
cans  one  of  thirteen;  but  the  roost  general  division  of  'the 
Bsonlh  was  that  of  the  Jews,  into  periods  of  7  days.  This 
period  was  adopted  by  the  Chald(*ans,  and  roost  ortier  Oriental 
nations.  It  is  at  this  day  in  use  wherever  Christianity  bas  been 
introduced.  The  French  abandoned  it  for  the  decade  during 
tbe  season  of  revoiulicmary  frenzy,  but  their  present  Dictator 
brought  it  back  to  its  former  standard.  Tne  Mahomelaiia 
also  use  the  week  of  7  days. 

Of  the  Month. 

The  periodical  changes  of  the  phases  of  the  moon,  it  seems 
very  apparent,  gave  rise  to  the  division  of  time  called  a  BM>nth; 
Imt  the  difficulty  of  adjusting  the  lunar  month  to  the  annual 
revolution  ot  tbe  earth,  led  to  the  introduction  of  other  divi- 
■ions  of  time  under  the  same  name. 

Months  are  now  divided  into  astronomital  and  ckU. 

The  asironomkal  monthsy  with  which  chronology  is  con* 
eemedy  are  measured  by  the  revolutions  of  the  moon,  and  are 
either  periodical  or  synodieaL 

Tne  periodieal  bmmr  month j  or  the  exact  time  in  which  the 
moon  passes  through  the  lodiac,  from  any  point  of  her  orbit 
to  the  same  point  again,  ix^nsists  of  87  days,  7  hours. 
AS  5" 

The  ijfModkal  hmar  fnanihy  called  a  lunaHonj  is  reckoned 
from  one  conjunction  of  the  sun  with  the  moon  to  another.  It 
la  a  variable  period,  being  subject  to  the  variation  of  the  tnn 
eastward  on  the  ecliptic;  at  a  mean  rate,  a  Innation  consists  of 
89  daysy  18  hours,  44'  9\  In  ancient  times,  this  was  tbe 
mMth  in  gtncnd  nie. 
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The  toirn-  momlk  k  the  time  n  which  the  nn  |MHi  thmi^ 
one  tigB  of  the  zodiac ;  iU  length  is  TwnMt^  hcriiM  tie  notaoa 
of  the  son  is  so:  at  a  mean  lale,  it  contirts  of  30  dajs,  10 
hoon,  99  b\ 

A  chU  or  poBlkal  wmnih  is  a  portion  of  time  set  onA  bjr  the 
enslom  of  prfM^lr  nations,  witnoot  an  j  precise  legaid  to  the 
celertial  motions.  The  British  and  mort  Eoropcnn  antians 
make  twelve  months  in  Che  jear. 

GcU  lumar  mtmiks  consist  altematdy  of  29  and  30  dajs. 
Thus  two  al  these  months  are  nearlj  eqnal  to  two  astronomiml 
months,  and  the  new  moon  will  be  kept  to  the  first  daj  of  sack 
ciTil  months  for  a  longer  time  tostether.  This  was  the  moatk 
in  common  use  tiU  the  time  of  Jalios  Cesar* 

The  dcU  iolar  nundh  is  the  one  at  present  in  nae.  It  tias 
introdnoed  bj  Jnlins  Canar.  It  consisted  at  first  allematelj  of 
30  and  31  days,  excepting  one  month  of  the  twelve,  which  in 
every  fourth  year  consisted  of  thirty,  and  for  the  other  thme 
yean  of  29  days.  This  arrangement  was  altered  a  little  by 
Aognslos,  whose  name  was  given  to  the  month  piefiumly 
called  Sektilis,  and  to  make  it  equal  to  any  of  the  rest,  the 
number  of  the  days  it  contained  was  increased  fiom  30  to  31. 
The  day  thns  ackled  to  it,  was  taken  from  February,  which 
month,  finm  that  time  had  only  28  days,  except  in  every 
fourth  year,  when  it  received  the  intercalary  day.  The  dvU 
months  thus  determined  in  the  reign  of  Augnstos,  have 
remained  in  use  to  the  present  time,  and  are  common  lo  all 
Europe;  they  are  the  same  with  what  we  usually  caU  calemkr 
nM?fftffffi 

Of  ike  Year. 

The  smaller  divisions  of  time,  under  the  same  naase,  diller- 
ing  from  each  other  according  to  the  motion  hj  which  they  are 
measured,  it  will  necessarily  foltow  that  the  large  divisions  will 
admit  variations,  according  to  the  value  of  their  integral  parts. 

The  iolar  year^  or  tropical  year^  is  the  time  that  the  saa 
takes  to  pass  tnrongh  the  twelve  signs  of  the  sodiac,  or  from 
one  equinox  to  the  same  again,  and  constitutes  a  natural 
division  of  time,  because  the  seasons  always  tail  in  the  same 
months.    Its  ler^gth  is  equal  to  365  days,  5  hours,  48'  49^'. 

The  tropical  vear  is  divided  by  astronomers  into  four  parts, 
determined  by  the  two  equinoxes  and  solstices.  The  intenal 
between  the  vernal  and  autumnal  equinoxes  it  (on  acoovit  of 
the  eccentricity  of  the  earth's  orbit,  and  its  unequal  vetodty 
therein)  nearly  8  days  longo:  than  the  intarral  between  tha 
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flutnmnal  and  yernal  eqainoxes.    These  intervab  are  at  present 
nearly  as* follows: 

D.  h.   in.      D.     h,    n* 

From  the  Spring  eqoieox  to  the  summer  soktice       99  21    45  )  ..    ^ 

Suiiiiner  soktice  to  the  autumDAl  eqainox  93  13   S5  S 

Anttimnal  eqainox  to  the  winter  sobtice    89  16  -  47  )  .  g   ^ 

Winter  solstice  to  the  spring  equinox         89     1    43  ) 


7    16   51 


The  Julian  year,  so  named  by  Julius  CAsar,  who  establish- 
ed it,  consists  of  365  days,  6  hours ;  but  the  6  hours  were  not 
reckoned  till  the  expiraticm  of  every  fourth  year,  when, 
amounting  just  to  one  day,  they  were  added  to  the  end  of 
Februaty,  and  the  year  in  which  they  were  thus  reckoned  was 
called  buntxHle  or  kap  year.  The  Julian  year  exceeding  th« 
true  solar  year  more  than  1 1  minutes,  the  excess  amounts  to  a 
whole  day  in  131  years;  inconsequence  of  which,  the  yernal 

auinox,  which  in  the  first  Julian  year  fell  on  the  85th  of 
arch,  had  in  the  year  of  our  Lord  385,  at  the  time  of  the 
council  of  Nice,  gone  back  to  the  Slst,  and  in  1589  to  the  11th 
of  March.  To  correct  this  growing  error,  the  calendar  was 
again  amended,  under  the  auspices  of  Pope  Gregory  XIII,  by 
taking  10  entire  days  out  or  it.  Accordingly,  in  the  year 
1588,  the  day  following  the  4th  of  October,  instead  of  being 
called  the  5th  was  called  the  15th ;  by  means  of  which  the  red 
equinox  was  restored  to  the  81st  of  March.  Provisions  were  at 
the  same  time  made,  to  prevent  the  recurrence  of  so  important 
an  error  again.  The  intercalary  or  bissextile  day,  which  had 
been  regularly  added  to  February  every  fourth  year,  was  order- 
ed to  be  suppressed  at  the  end  iA  every  century  not  divisible 
by  4.  The  last  year  of  the  17th,  18th,  and  19th  centuries  are 
Dot  leap-years,  because  4  will  not  divide  these  numbers  without 
a  remainder;  but  the  last  year  of  the  SOth  century,  or  year 
8000,  will  be  a  leap-year.  This  pope's  correction  of  the  calen» 
der  is  so  near  the  truth,  that  it  will  not  err  a  day  in  3000  years; 
it  is  called  the  Oregorian  or  the  New  Siykj  and  obtains  in  almost 
all  Christian  nations.  It  was  not  used  lu  England  before  1758, 
when  it  was  adopted  pursuant  to  act  of  parliament,  and  the 
third  of  September  was  redconed  the  fourteenth,  the  enor  of 
the  Julian  calendar  having  at  that  time  incieased  to  1 1  days. 

The  lunar  year  is  the  space  of  18  lunar  monthsi  and  is 
•itiisr  astronomical  or  civil. 
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cat  Bootb;    ud  b,  tkirtofr,  3»l  daj^  8  Imn,  48',  XT, 
lOdajs  SI  ko«r<,  11    sborterlhaa the niv jnr. 

The  imamr  rrzti  ^^mr  u  cithrr  coiaoa  or  ndhnlMic.     The 

laaar  jcar  consists  of  12  lunar  cit3  mmaA%j  mA  coa- 

dajs.      The  caiboliiiuc  hiaar  jar,  roBiiiit  of  IS 

ir  cifil  ■owfha,  and  contains  3&I  dajm. 

The  ancient  Roman  jcar,  as  first  settled  bj  the 
cnwtained  onlj  10  montl^,  and  in  all  5C^  dajs. 

The  Eeyptian  jcar,   called  also  the  jtnr  of  Xi  j  , 

contain*  onlj  355  days,  diiided  into  twelve  inonthi  of  90  dijt 
each,  wkh  five  intercalafy  dajs  added  at  Che  end.  That  the 
E^plian  jear  lovs  a  whole  daT  of  the  Joliaa  jear  eveiy  tarn 
jean,  and  after  the  space  of '1460  jcnn,  it  fac^  vilh  the 
Jnlian  jear,  which  Irngth  of  time  b  ^Icd  the  Ijoikk  period. 

The  ancient  Greek  jear  consisted  of  12  nonths,  which  it 
first  weiedirided  into  30  da js  each ;  bat  afterwaids  each  aoath 
contained  29  and  30  tbjs  silemalelj;  and  this  jear  was cott- 
pnlrd  fioni  the  first  appeaianoe  of  the  new  noon,  with  Iht 
nddilion  of  an  eaiboliiiiic  month  of  90  dajs,  eierj  9d,  5th, 
8th,  11th,  14th,  lethand  19th  jear,  in  oider  to  keep  the 
and  fnli  moons  to  the  same  seasons  of  the  jear. 

Not  onlj  the  length  of  the  jear,  bat  the  time  of  its 
menoement,  has  been  diffeientlj  reckoned  amoni^  difieicat 
nations.  The  ChaUeans  and  Egyptians  oommcnoed  thetr  jetf 
at  the  anliimnal  eqpinox.  The  Jews  recbmed  their  cfrit  jear 
from  the  same  period,  bat  b^gan  their  ecclesiaslKal  jear  in  the 

r'ng.  Some  of  the  Grecian  stales  commenced  thnr  year  at 
vernal  eqainoz,  others  at  the  aatnmnal  eqainoz,  and  some 
at  the  summer  solstice.  The  Roman  jear  at  one  time  hegan  ia 
March,  bat  afterwards  was  made  to  commence  in  Jaaoaij. 
The  new  jear's  daj  of  the  charch  of  Rome  is  fixed  on  the  San- 
daj  nearest  the  fail  moon  of  (be  yemal  eqoinox.  In  Eagfamd, 
the  jear  began  in  March,  till  1758,  when  the  stjie  was  altered, 
and  the  jear  was  at  the  same  time  settled  to  commence  on  the 
1st  of  Janoarj.  The  part  of  the  jear  between  the  Jst  of  Jano* 
arjand  the  S5tb  of  March,  was  expressed  thas:  1795-4,  or 
173f,  forms  of  writing  which  have  now  become  obscure. 

• 

Of  the  lAinar  ami  Solar  Cycki  and  InSdimu 
A  cjcie  is  a  perpetual  circulation  of  a  certain  fixed  and 
determinate  space  of  time. 

The  cycle  of  the  sun  consists  of  28  years;  at  the  cod  of 
which  time,  the  dajs  of  the  months  return  again  to  the  eame 
dajs  of  the  week,  and  the  sun  is  ia  the  same  sign  and  d^giae 
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of  the  ecliptic,  which  he  was  in  at  its  commeucement;  at  least, 
this  is  the  case  within  a  de«free  for  100  jears.^  The  leap-years, 
also,  at  the  expiration  of  the  solar  cycle,  begin  the  same  course 
over  again  with  respect  to  the  days  of  the  week  on  which  the 
days  of  the  months  fall. 

The  cycle  of  the  moon^  the  year  of  which  is  called  the 
golden  number,  is  a  period  of  19  years,  at  the  end  of  which 
time,  the  sun  and  moon  return  to  the  same  situation  in  the 
heavens,  or  very  nearly  so:  the  conjunctions,  oppositions,  &c. 
of  these  two  luminaries  being  within  about  an  nour  and  a  half 
of  l)eing  the  same  as  they  were  on  the  same  days  of  the  months 
at  the  commencement  of  the  period. 

The  cycle  of  indiction^  or  Roman  indiction,  has  no  reference 
io  any  natural  period.  It  consisted  of  15  years,  and  was  in 
use  only  among  the  Romans,  for  some  civil  purposes  which 
cannot  now  be  completely  ascertained. 

The  year  of  our  Saviour's  birth,  according  to  the  usual 
computation,  was  the  ninth  year  of  the  solar  cycle;  the  first 
year  of  the  lunar  cycle;  and  the  318th  year  after  his  birth  was 
the  first  year  of  the  Roman  indiction.  With  this  data,  the 
year  of  any  subsequent  cycle  or  indiction  may  be  found. 

Of  Epochs  and  Eras. 

Any  remarkable  event  or  period  from  which  time  is  reck« 
coed,  is  called  an  epocA/  the  yean  computed  from  an  epoch, 
or  from  such  event  or  period,  are  calleu  an  era,  whatever  be 
their  number. 

The  earliest  and  most  memorable  epoch  connected  with 
mundane  affairs,  is  that  of  the  creation  of  the  world;  but  the 
era  referring  to  it  is  only  continued  to  the  birth  of  Christ. 
According  to  Archbishop  Usher,  whose  chronology  is  adopted 
in  the  current  translation  of  the  Bible,  it  began  in  the  year 
4004  before  Christ.  Playfair  phces  it  in  4007.  The  next 
epoch  was  the  Deluge,  and  like  the  former  it  was  used  by  the 
Jews. 

The  epoch  adopted  by  all  Christians  is  that  of  the  birth  of 
Christ ;  the  common  estimation  of  which,  making  the  present 
year  of  the  Christian  era  1813,  is  supposed  to  be  4  years  too 
late.  The  reason  of  this  uncertainty  b,  that  the  Christian  era 
was  not  used  till  the  sixth  century  after  the  birth  of  Christy 
when  it  was  too  late  to  fix  it  with  indispotabie  accuracy.  But 
as  all  the  nations  who  use  it,  begin  at  the  same  time,  and  the 
year  18)3,  tor  example,  u  with  all  of  them  the  year  1813,  the 
error  introduces  no  conlusbn. 
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DiTMon  of  tine. — OljrvpiMb. — JaliaD  period. — Abttract  of  utroooBy. 

The  mode  of  reckoning  by  ofympUubj  or  periods  of  foor 
yean,  was  used  by  the  Greeks,  The  fiiit  olympiad  began  773 
years  before  the  biith  of  Christ. 

The  Romans  reckoned  from  the  botkling  of  Rome;  the  date 
of  that  event  is,  however,  not  well  ascertained,  fiom  the  want 
of  authentic  records  in  those  early  times;  but  the  computation 
adopted  by  the  Romans  themselves,  places  it  in  the  year  753 
before  Christ. 

The  Hegira,  or  Mahometan  em,  takes  date  from  the  flight 
of  Mahomet  to  Medina,  632  years  after  the  commencement  of 
the  Christian  era. 

To  obtain  a  common  standard  in  the  comparison  of  dates 
and  eras,  Joseph  Scaliger,  adopted  a  very  inmiions  method : 
By  multiplying  into  each  other,  the  cycle  of  the  snn,  which  is 
88  years;  the  cycle  of  the  moon,  which  is  19  years;  and  cyde 
of  indiction,  which  is  15  years,  he  obtained  the  number  7980, 
which  is  called  a  JuUan  period.  This  period  is  supposed  to 
commence  706  years jintccedently  to  the  creation,  ana  till  the 
expiration  of  it,  or  till  the  world  is  7274  years  okl,  the  fiist 

iears  of  each  of  these  cycles  will  not  come  together.— 
*he  year  of  the  Juliaa  period  corresponding  with  any  given 
year  before  or  since  the  commencement  of  the  Christian  era 
may  easily  be  found.  If  the  year  required  be  since  the  Chris* 
tian  era,  add  to  it  47 IS,  the  number  of  years  elapsed  bdTore 
the  Christian  era,  and  the  sum  will  be  the  year  required.  If 
the  year  required  precede  the  Christian  era,  subtract  the  year 
before  Christ  from  4713,  and  the  difeence  will  be  the  answer. 


AbSTBACT  6F  AsTBOMOMT. 

1.  The  solar  system,  comprises  the  sun  and  all  the  bodiea 
that  revolve  round  him,  viz.  the  comets,  the  planets  with  tbeiff 
respective  satellites,  and  the  asteroids. 

2.  The  number  of  the  comets  is  unknown;  that  of  the 
planets,  so  far  as  yet  discovered,  is  seven,  the  satellites  aghteen  ; 
and  the  asteroids  four. 

3.  The  figure  of  the  earth  is  not  that  of  a  perfect  globe,  but 
an  oblate  spheroid,  flattened  a  Uttle  at  the  poles,  by  its  revolutioB 
on  its  axis. 

4.  The  planets  Jupiter  and  Saturn  are  also  observed  lo  be 
flattened  at  the  poles  like  the  earth,  but  in  a  jneater  degree, 
evidently  because  their  diurnal  revolution  is  swifter. 
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re  5.  The  orbits  of  all  the  planets,  asteroids  and  comets,  are 

':'j  ellipses,  having  the  sun  in  one  of  their  foci ;  but  the  orbits  of 

the  two  former  classes  of  bodies  are  very  nearly  circles,  while 
f  the  orbits  of  the  comets  are  all  very  eccentric. 

fi  6.  The  orbits  of  the  satellites  are  also  ellipses,  in  one  of  the 

^  foci  of  which  is  situated  the  primary  planet  round  which  they 

V  move. 

7.  The  periods,  distances,  and  magnitudes  of  the  planets, 
^  have  all  been  determined Vith  very  considerable  exactness ;  the 

I  same  circumstances  respecting  the  asteroids,  are  also  evidently 

determinable,  though  the  results  yet  laid  down,  have  not,  from 
y  the  recent  date  of  their  discovery,  been  so  amply  confirmed,  as 

to  be  folly  relied  on;  but  the  comets  recede  to  such  immense 

distances,  and  there  is  so  much  uncertainty  in  identifying  them, 

that  their  elements  are  hypothetical. 


t  -  _  . 

^  •     8.  The  planets,  comets  and  asteroids,  are  preserved  in  their 

^  orbits,  by  the  Joint  effects  of.  the  power  of  attraction,  which 

y  acts  in  a  right  line  from  them  to  the  sun,  and  a  projectile  or 

^  centrifugal  force,  which  would  carry  them  off  in  a  tangent  to 

the  curve  of  revolution. 

9.  The  powers  which  preserve  the  satellites  in  their  orbits, 
are  the  same  as  those  that  act  upon  the  planets  and  comets,  but 
the  centripetal  force  is  exercised  by  the  primary. 

10.  Tne  body  of  the  sun  is  supposed  to  be  opake,  and  to 
be  surrounded  with  a  double  set  ot  clouds,  the  upper  stratum 
of  which,  forms  the  luminous  globe  we  behold. 

1 1 .  The  planets  revolve  round  an  imaginary  line  or  axis 
within  themselves,  and  the  time  in  which  they  perform  this 
rotation,  constitutes  their  day  and  nighL 

IS.  The  time  in  which  a  planet  revolves  round  the  sun, 
forms  its^^crr. 

IS.  The  diversity  of  seasons  is  occasioned  by  the  inclina- 
tion of  the  axis  of  a  planet  to  the  plane  of  its  orbit. 

14.  The  annual  and  diurnal  revolutions  of  the  planets  are 
all  performed  from  west  to  east. 

15.  The  satellites  also  revolve  from  west  to  east,  with  the 
exception  of  the  satellites  of  the  Herschel,  which  appear  to 
move  in  a  contrary  direction. 

16.  The  fixed  stars  are  distinguished  from  the  bodies  of  the 
solar  system,  by  the  twinkling  light  they  afford,  by  their  having 
no  parallax,  and  by  their  having,  even  through  the  best 
telescopes,  no  sensible  magnitude. 

17.  The  naked  eye  cannot  behold  above  five  hundred  stars 
in  the  whole  hemisphere ;  but  the  number  discovered  with  the 
assistance  of  a  telescope  exceeds  all  calculation. 
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18.  Ewaj  fixed  aUr  is  swppoied  lo  be  a  na,  skima^  hj 
ii  owB  light,  aad  sunMadeil  bj  phirtaiy  woridi  like 
«f  the  folar  sjslm. 

19.  The  tides  aie  as  cfcd  of  the  attffBctiM  of  the  wm 
aoon  opoa  the  ooeMi.  Wheo  these  iwniasries  act  together, 
or  IB  the  SBine  liae,  they  oocasioQ  sprini^  tides;  whea  thty 
Goaotcnct  each  oChen  attiactioo,  neap  tides  take  phce. 

SO.  Eclipses  of  the  mooo  ase  owing  to  the  ihiihrn  of  tlie 
earth  fidliag  apos  the  laooa. 

91.  Sclipses  of  the  sao  oocBr,  when  the 
hetwccn  the  earth  and  son,  thrcMPs  a  shadow  on  the 

22.  Motion  is  the  measoie  of  tim^  and  the 
heaiealy  bodies  are  the  basb  by  which  all  other 


23.  The  day  is  a  natoral  dirinon  of  time,  thai  i^  il 
a  portion  of  time  neasored  oat  by  the  compietiow  of 
certain  pheaoaMna,  snooesMve  according  (o  rqpdar  laws. 

M.  The  periodical  and  synodical  lunar  months  are  als9 
nataral  dirisions  of  time,  bat  no  other;  the  year,  and  Innar  and 
solar  cycles,  are  of  the  same  character  ai  the  lanar  OHmths; 
the  cycle  of  indiction»  and  theolympiad,  aie  examples  of  the 
aitificiai  difisioo  of  time. 
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